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THE IMPROVEMENT OF THE PORT OF MANZANILLO, 
MEXICO. 


One of the most important works of harbor im- 
provement now under way on this continent has 
been quietly in progress for several years at an 
obscure town on the Pacific coast of Mexico 
named Manzanillo, located in the State of Colima, 
nearly due west from the City of Mexico. 

The work, which involves an expenditure of 
some seven million dollars, is being carried out 
for the Mexican Government by an American 
engineer, Edgar K. Smoot, of Washington, D. C., 
who built the jetties at Galveston, Tex, _ 

At our request, the following account of the 
works at Manzanillo has been prepared by Mr. A. 
G. Wilbor, General Auditor for the concessionaire, 
and we are indebted to 


ing its branch from Guadalajara to Colima to link 
with the bit of road built by the Mexican National 
Construction Co., from that town to the port. 
The Central line is as far now as Tuxpan, but the 
gap between Tuxpan and Colima, although only 
41 miles, will require such expensive constructive 
work that it will cost fully $5,500,000, Mexican 
silver, and in order to keep within the maximum 
grade of 2%, will require 11 bridges and 13 tun- 
nels. Mr. A. A. Robinson, the president of the 
road, said that possibly work on the uncon- 
structed portion might be taken up this summer. 
Hampson & Smith, who have the contract, have 
already an outfit on the ground worth $50,000, 
ready to make the dirt fly when the word comes. 

The future importance of the port of Manzanillo 


induced the Mexican Government to undertake its 


lagoon, together completely surrounding the town 
within an are of 180°, and in the direction from 
which the prevailing winds blow across the port. 
The waters of the Cuyutlan lagoon had no com- 
munication with those of the ocean. During each 
rainy season the lagoon would fill or rise to a 
height of nearly a meter above the mean level of 
the sea, and during the dry season these waters 
would evaporate rapidly, exposing the bottom 
and margins of the lagoon to a depth of more than 
one meter below its flood line level. Borings 
showed at the bottom of the lagoon seven meters 
of muddy alluvium interspersed with organic re- 
mains of animal and vegetable life. Much the 
same conditions prevailed in the Cacaluta lagoon 
and were prejudicial in high degree to the health 
and comfort of the people of Manzanillo. The heat 
of a tropical sun, beating 


him also for the photo- 
graphs here reproduced. 

Manzanillo is situated 
upon a small bay, which 
is within or behind a 
larger bay or indentation 
of the coast line, having 
a length along its longer 
axis of eleven kilometers, 
with a depth of eight 
kilometers behind the 
general coast line. At 
both extremities of the 
bay, deep coves have 
been maintained by the 
flow of the currents. The 
southeastern end of the 
bay is sheltered by a 
projecting headland. 

Over the central area 
of the bay the depths 
are from 30 to 50 meters, 
deep water extending 
close to the shores, and 
shoaling somewhat 
abruptly upon the sandy 
beaches which bound it 
on the north and east. 

Although the port is 
sheltered from the Pacific 
by the projecting headlands of the Vigia Chico 
and the intermediate hills, the more sheltered 
space of the harbor was formerly exposed to the 
waves of the sea, reaching the harbor by deflec- 
tion around the headlands, which had a projection 
of only 200 meters perpendicular to and beyond 
the beach in front of the town. The shallow sub- 
marine banks, the prolongation of the slopes of 
the headland, still further destroyed the shelter 
which its projection into deeper water would af- 
ford, by retarding the progress and deflecting the 
waves within the harbor. 

In September, 1889, Manzanillo was as isolated 
as though it were in some African jungle. But 
that year a short railroad line was built to the 
City of Colima, 96 kilometers distant, rising in 
that short distance 1,700 ft. As fast as it can 
afford to do so the Mexican Central Ry. is bulld- 


ON DREDGING AND BUILDING BREAKWATER. 


improvement. On May 25, 1899, a contract was 
made for the entire work of improvement at Man- 
zanillo with Col. Edgar K. Smoot, of Washington, 
D. C. The works consist in general of a break- 
water made of stone of large size, to be capped 
with 30-ton granite blocks and a concrete super- 
structure 25 ft. in width and 16 ft, in thickness; 
a stone sea wall along the harbor front, from 
which ten piers will project; and a canal giving 
the ocean water access to the Cuyutlan lagoon in 
the rear of the town. 

By reason of its tropical situation and immedi- 
ate physical surroundings, the port of Manzanillo 
has long been known for its unhealthfulness. The 
Cuyutlan lagoon, whose shallow waters reached 
the inhabited portion of Manzanillo, border it on 
the south and east, being separated by an abrupt 
range of hills from the San Pedrito or Cacaluta 


upon these extensive 
areas of saturated and 
decomposing animal and 
vegetable matter, pro- 
duced offensive odors, 
which were carried 
through the central por- 
tion of the port by all 
the winds and breezes 
from southwest to east 
and northeast. 

The Cuyutlan lagoon 
has a total area of 23 sq. 
kilometers, comprehend- 
ing between the mean 
levels of high and low 
tides, a volume of 14.,- 
807,000 cu. meters of 
water, subject to tidal 
flow. The canal of Ven- 
tanas has been designed 
to introduce dis- 
charge 1-l4th of this 
volume during the _ rise 
and fall of each tide. This 
lagoon is divided by a 
— =} dam at the Strait of Te- 


FIG. 4. VIEW OF MANZANILLO BAY, FROM PROMONTORY, SHOWING WORK IN PROGRESS P#!cates, to protect the 


salt industry of the town 

of the same name at the 
eastern edge of the lagoon. The area of the Ca- 
caluta lagoon is about seven square kilometers, 
with a tidal volume of 3,856,000 cu. meters. 

The total expenditure provided for in the con- 
tract with Col. Smoot is about $6,700,000. This 
does not include the wharves and pliers which will 
cost about $1,300,000 additional. All the work 
save the wharves and piers will be completed 
during the year of 1905, after which the Govern- 
ment will probably authorize work on the wharves 
to xo forward. 

Not less than 1,500,000 tons of blue granite, 
from the Colomo quarries close by, have so far 
entered into the rock-work of the Manzanillo har- 
bor improvements. The breakwater, at its ex- 
tremity, is in water 65 ft. deep, with a width, at 
the bottom, of 300 ft. Considering its great size, 
being at the top 25 ft. wide, and that the con: 
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crete crown is 16 ft. thick, an idea may be formed 
of the magnitude of the work. 

Cement costs, laid down at the port, $9 per bar- 
rel. Labor, too, is abnormally expensive. In the 
old days, when no one at Manzanillo, nor any- 
where along the Pacific coast of Mexico, dreamed 
of port works and intercommunicating railroads, 
when life was a lazy siesta, enlivened with an oc- 


limit the area of tranquil water which it is de- 
signed to shelter. 

Not only does the breakwater already serve as 
a defense against the sands brought to the port 
from the coast line, but the wide opening left to- 
ward the bay on the north and east permits the 
free circulation of tidal currents from those di- 
rections, thus preventing the deposit within the 
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FIG. 1. MAP OF PART OF MEXICO, SHOWING LOCATION OF PORT OF MANZANILLO, WITH 
REFERENCE TO THE MEXICAN RAILWAY SYSTEM. 


casional fiesta, the Mexican peon in that part of 
the country would work for 25 cts. a day, and pre- 
ferred to work only half the week. Now he wants 
$1.25 to $1.50 per day, and will work only five to 
eight hours, and refuses to work on feast-days as 
before. 

On account of the tremendous expense of bring- 
ing materials and supplies overland over the aw- 
ful trails, they are brought from San Francisco 
by steamer, this having added materially to the 
cost of the work. Realizing the difficulties and 
delays incident to such big undertakings at a 
place cut off from the rest of the world, the Mex- 
ican Government has generously augmented the 
allowances to the contractor and the result fast 
being demonstrated is a superb. harbor. Ships 
have to make an arc of 180° in order to enter the 
quiet of the inner harbor, but it is so secure now 
that for a year or more Colonel Smoot has been 
able to accommodate sea-going vessels at a tem- 
porary wharf on piles, discharging 300 tons a 
day, even when outside the breakwater the Pacific 
is swept by storm. This is the first time such 
an undertaking has been accomplished on the. Pa- 
cific coast of Mexico. — 

In designing a breakwater for the protection 
of the harbor of Manzanillo, it was considered es- 
sential to place it in such- position that the 
strength of the counter-currents would be dimin- 
ished as little as possible, in order to prevent the 
accumulation of deposits within the harbor. It 
was given a form concentric with the flow of the 
eddies within the harbor-area. Its curved form 
avoids the great depths which would have been 
encountered along the line of a straight structure 
sheltering an equal area within the harbor, also 
thus reducing materially the cost of construction. 
This curved form of construction presents the 
greatest resistance to the impact of the waves en- 
tering the bay, and by its increased deflection as 
‘deeper water is reached diminishes the angle of 
contact with the incoming waves until its free 
end brings the breakwater coincident or parallel 
to their direction, thereby avoiding any obstruc- 
tion to their course and consequent deflection 
within the harbor, thus increasing to the utmost 


harbor of such finer silt as may be carried by the 
waters in suspension. 

The crown of the breakwater when completed 
will be one solid structure, 25 ft. wide and 16 ft. 
thick, of concrete. made either monolithic or of 
concrete blocks. of not less than, 30: tons. This 
mass will be constructed on the rock-substruc- 
ture that is already completed, reaching to one 


of 5 meters in width at 14 meters below mean 
tide level. 

The nucleus of the breakwater is formed with 
stones of random size, weighing from 25 to 3,000 
kilograms, which were allowed to fall into the sea 
from railroad flat cars. The top of the rock-work 
and the exterior slope, to the berme, was pro- 
tected by large blocks of natural stone from the 
immediate quarries, handled by a great derrick 
with a capacity of 50 tons. It took nearly four 
years to bring the breakwater to the point where 
the cement crown could be undertaken. The 
work is now all above water, and as soon as the 
22,000 barrels of cement now on the ocean en 
route to Manzanillo arrives, that part of the work 
will be completed. 

The concrete of Portland cement for the crown 
of the breakwater is composed of one part of 
Portland cement and seven parts of broken sand 
or gravel, with the proportion of sand to be de- 
termined by the government inspector. 30-ton 
blocks of cement concrete used cannot be put in 
place until 20 days old. 

For the rock-work of the beds and body of the 
breakwater, the sea-wall and the Tepalcates dam, 
the contractor has been paid at the rate of $6.30 
per metric ton. For the blocks of 30 tons or more 
in weight, employed for the protection of the 
crown and exterior slope above the berme of the 
breakwater as well as the blocks of cement con- 
crete and mortar constituting the crown and up- 
per mass the allowance is $11 each metric ton. 
For the smaller blocks destined to the interior 
slope of the breakwater as well as the slopes of 
the sea-wall, the price allowed has been $7.50 per 
metric ton. The Government may instruct the 
contractor to increase the proportions of cement 
determined in the specifications for the formation 
of the concrete, and if so will pay him for the 
increase at the price of $27.50 per ton. 

The harbor thus created will afford safe and 
easy riding room to 100 sea-going vessels. To 
perfect the harbor and furnish later on the base 
for the system of wharfage to be voted by the 
Government, it was found necessary to carry a 
dike or sea-wall along the water-front of the 
town, a distance of about two kilometers. Be- 
hind the rock-work of the sea-wall the spaces 
are being gradually filled in with the mate- 
rials dredged from the harbor and the backing 
of detritus from the quarries. A layer of de- 
tritus or broken stone covers the surface of the 
dredged material and a covering of stone, vary- 
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FIG. 2. MAP OF THE PORT OF MANZANILLO, SHOWING IMPROVEMENTS UNDER 
CONSTRUCTION AND PROPOSED. 


meter below the level of mean tide. The outer 
slope of the breakwater is 4 to 1 to the mean tide 
level and 1% to 1 to the depth of eight meters be- 
low mean tide; at this level a berme 6 meters wide 
will be left, continuing the profile to the bottom 
of the sea with a slope of 1% to 1. The interior 
slope has an inclination of 1% to 1 with a berme 


ing in size from 25 kilograms to three tons, 
and one meter thick, has been added over the 
dredged slope in front of the sea-wall, to pre- 
vent its displacement by the currents traversing 
the port or by those caused by the propeller 
wheels of steamers. This dike was con- 
structed along the water-front of thé town, to a 
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— 
height ° three meters above mean tide, the outer 
or sea ope laid up at an angle 1 of vertical to 1 
noriz 21 with selected blocks of stone. While 
the ! -work is of stones of random size, the 
exté slope is covered carefully with granite 
blo« eighing from’ 3% to 15 tons. The dredging 
has done over the anchorage ground and the 
enka part of the harbor to a depth of 8% me- 
ters ww mean tide. 

M inillo is an old port. There Cortez out- 
ftte! vis galleons to sail the Pacific. It is the 


Francisco, that will open to Mexico an American 
port 250 miles nearer than San _ Francisco. 
Freights from San Francisco which used to be $6 
gold per ton to China and Japan, have been cut 
down already by the China Commercial Steam- 
ship Co., which takes Mexican merchandise to the 
Far East at $2.50 gold per ton. Steamers even 
now carry ores from the western coast of Mexi- 
co to Swansea, Wales; for $12 silver per ton. 

As soon as the Panama Canal is open to the 
world’s traffic, the ports of the Pacific will be- 


FIG. 3. BIRD’S-EYE SKETCH OF MANZANILLO HARBOR WORKS AS THEY WILL APPEAR WHEN 
COMPLETED. 


sea-outlet of one of the smallest but richest states 
in the Mexican Union, the little State of Colima, 
with an area of 7,000 kilometers, or about the 
size of Delaware. The state has now a population 
of 100,000 merely, but so rich in agricultural out- 
put that the per capita of agricultural production 
is $830. When the harbor works are completed 
and the railroad connection opened inland to the 
City of Mexico, and as well to the rich States of 
Michoacan and Jalisco, the port of Manzanillo 
will waken from its sleep of centuries as Tampico 
and Vera Cruz have wakened. Col. Smoot is of the 
opinion that with adequate harbor accommoda- 
tions at Manzanillo, which lies exactly west of the 
City of Mexico and is therefore its logical Pacific 
port, the agricultural industry in western Mexico 
will take on a great impulse, and that in a few 
years the agricultural exportations of all Mexico 
will exceed by at least one-hundredfold its min- 
eral output, astonishing even as this is. In 1880 
Mexico had only 500 miles of railroads; it has now 
10,000 miles,. with 1,500 locomotives and 20,000 
cars. While the extraordinary sum of $767,151,- 
842 foreign capital has been invested in Mexican 
railroads, most of it American money, Mexico has 
expended the sum of $151,251,093 in subventions 
to railroads. 

As for the ports of Mexico, it is not extravagant 
to say that Mexico has spent no less than $50,- 
000,000, in placing in safe and practicable condi- 
tion the half dozen harbors on the Gulf and the 
Pacific which so far constitute its harbor system. 
The port of Manzanillo lying as it does between 
Topolobampo and Salina Cruz, would have to the 
south the shortest rail and water route and on the 
north the shortest all-rail route possible between 
the United States Atlantic seaboard and its mid- 
dle west, and the port of San Francisco. The 
line from Kansas City to Topolobampo is 1,000 
miles shorter than from Kansas City to San Fran- 
cisco. The route from New York to San Fran- 
cisco via the Isthmus of Tehuantepec and Salina 
Cruz is 2,400 miles shorter than via Panama. In 
soon as trade is deflected to the Panama Canal, 
Manzanillo harbor will hold a position unique and 
unapproachable, for it will be the shortest and 
this wonderful open door that will be crowded as 
most direct rail route across Mexico, via the City 
of Mexico, and as a matter of fact is 700 miles 
nearer to the City of San Francisco than is the 
Isthmian port of Salina Cruz, in southern Mexico. 

When Los Angeles builds its port at San Pe 
dro, a port with a depth of 25 ft., and a wharfage 
of seven miles, slightly in excess of that of San 


come important centers of commerce, and in the 
marvelous future which awaits Mexico, every 
railroad and every harbor must share propor- 
tionately, and none more than the splendid port 
now approaching completion at Manzanillo. 
Manzanillo will have three markets to supply, 
those of Panama and its tributaries, the United 
States via California, and the Far East. In 1877 
the Hawaiian exports were valued at $200,000, but 
last year the islands sent to San Francisco $30,- 
000,000 worth of native products, not one of which 
cannot be produced in Mexico. Mexico, via Man- 
zanillo, is far nearer the Californian ports than 
Hawaii can ever hope to be, and must supply the 
products now brought from far over the Pacific. 
Colima coffee already commands Mocha prices in 


COST OF ELECTRIC RAILWAY POWER PRODUCTION 


AND TRANSMISSION IN THE STATE OF INDIANA.* 
By A. 8S. Richey.t 

It is wholly due to the development of the electric mo- 
tor and electric power transmission that our interurban 
railways are enabled to run their trains in units of one, 
two or three cars each, at intervals of ten minutes or 
two hours as required and make stops as frequently as 
desired, and do it efficiently and economically. This is 
the fundamental reason for whatever success the inter- 
urban railways have achieved. As the method of con- 
veying the energy from our coal pile to our car axles is 
the one thing which makes possible our bueiness, and es- 
pecially as the cost of this energy is one-fifth to one- 
quarter of our entire operating expense, it should be 
interesting to consider briefly the division of this cost into 
its components, together with a statement of the average 
costs per unit of the power used on the Indiana interurban 
roads. 

We now have about S800 miles of interurban electric 
railways in the state, operating 100 cars regularly. These 
ears vary in size from the ordinary street car to the 
(O-ft. 35-ton car in use on the Indianapolis & North- 
western Ry. The average weight of the 100 cars in 
regular daily operation is 25.61 tons and their average 
scheduled epeed is 20 miles per hour. The current for 
these cars is furnished by 24 power stations, the com- 
bined station capacity (exclusive of the Indianapolis Trac- 
tion & Terminal Co.'s station) being slightly over 20,009 
KW., or an installed capacity in generators of about 
200 KW. for each interurban car operated and 25 KW. 
for each track mile operated. Half of the 24 power sta- 
tions generate and deliver to the cars direct current, 
while the other 12 generate alternating current, distribut- 
ing to the care as direct current through 34 substations. 
The individual power station capacities vary from 200 
to 6,000 KW. and comprise units of nearly every standard 
rating from 65 KW. to 1500 KW, 

Assuming a power consumption of 100 watt-hours per 
ton mile, we have an average total at our 100 inter- 
urban cars of about 5000 KW., using the average figures 
as given above of 25.61 tons as the weight of car and 
20 miles per hour as the schedule speed. 

The average load factor of the power stations appears 
to be about 40% of the installed capacity. Therefore, 
the average output at power station bus-bars is over 
8000 KW., which appears to indicate that the aggregate 
losses in overhead lines, rail return, substation appara- 
tus, step-up transformers, etc., amount to more than 
3000 KW. average, or an average efficiency from power 
station bus-bare to car motors of say 60%. As the as- 
sumption of 100 watt-hours per ton mile is probably high, 
this average efficiency of distribution, if in error, is to 
be considered higher rather than lower than the actual. 

This loss of 40% of the total power generated must be 
divided between the stations generating direct current and 
those generating and transmitting alternating current and 
converting to. direct current through rotary converters at 


FIG. 5. THE VENTANAS CANAL, CUT THROUGH THE HILLS FOR THE INTRODUCTION OF SEA 
WATER INTO CUYUTLAN LAGOON, BACK OF MANZANILLO. 


San Francisco. Jalisco corn sells at first-class 
prices in California. The orange season in the 
section tributary to Manzanillo is midway be- 
tween those of Florida and California. As soon 
as the untrodden west is threaded with a railroad 
or two to connect Mexican agricultural districts 
with the port of Manzanillo, that place now so 
quiet will become a mighty metropolis of interna- 
tional and intercontinental trade. 


substations. But 20% of the railway power generated 
in the state outside of Indianapolis is the output of direct 
current generators. Allowing 20% for the transmission 
losses from the direct current stations leaves us an 
efficiency of about 55% for the remaining 75% of the 
generated power which is the product of alternating cur- 


*Abstract of a paper read at the first meeting of the 
Indiana Electric Railway Association, at Indianapolis. 

ag Engineer, Indiana Union Traction Co., Ander- 
son, In 
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rent stations. This efficiency is probably made up about 
as follows: 


Efficiency of step-up transformers......... 
Efficiency of transmission lines........ 
Efficiency of step-down transformers........ 93% 
Efficiency of rotary converters...........++.8 

Efficiency of direct current distribution......80% 
Combined efficiency 


The figures given above as the efficiencies of traneform- 
ers and rotary converters will, of course, not compare 
with the efficiencies guaranteed by manufacturers, as 
the guaranteed efficiencies are based on full load or 
nearly full load conditions, while the average load on 
rotary converter substations In the service which is most 
general in our roads ie hardly greater than 25% of their 


power logses of about 20%; the first cost of the installa- 
tion will be no greater and the costs of generating the 
power will be but very little, if any, greater, provided, 
of course. that the. facilities for obtaining coal and water 
are the same in the two towns. Assuming a generating 
cost of 10% more in the two small stations than in the 
one larger one (which is high), we have the cost of power 
at the car from the direct-current stations averaging about 
2% lower than from the aiternating-current stations at 
the middle location and over 10% lower than from a com- 
bined al‘ernating and direct-current station at one end 
of the line, without considering the additional labor at 
substations which would be required with either of the 
alternating-current station. 


FIG.6. 50-TON STEEL DERRICK FOR HANDLING HEAVY BLOCKS, ON BREAKWATER 
CONSTRUCTION. 


rated capacities. This difference in distribution effi- 
ciency as between 80% for the average direct current 
station and 95% for the average alternating current sta- 
tion, is at first glance a surprising one and helps many 
a company to spend a large proportion of the dollars 
saved by an economical power station. Without doubt, 
there is more than one railway in the state, now operat- 
ing an alternating current generating plant with trans- 
mission lines and substations, that could have invested 
the same money in direct current stations and trolley 
feeder and be operating to-day with a less charge to 
cost of power per car mile. On the other hand, there 
are several alternating current generating stations in 
the. state which are delivering power to the car axles, 
after paying the price for the losses, at a cost much 
less than that at which they could accomplish the same 
result from direct current stations. The question of 
which system should be installed in a given case is one 
that should be carefully considered before a decision is 
made, as too often in the past few years has the alternat- 
current generating a plant with rotary converter sub- 
stations been installed seemingly becauée such an outfit 
was in style, when the more simple system of direct 
current stations with plenty of trolley feed wire would 
have been more economical. 

For instance, let us briefly consider a given case as 
follows: Two cities of about 25,000 population each, 
situated 20 miles apart, each with a street railway sys- 
tem of say 10 city cars. These two systems are owned 
by a company which is to, construct an interurban road 
connecting the two, the plans contemplating new power 
equipment. The schedule will call for two regularly 
operated interurban cars and 20 city cars, and an in- 
stallation of say 1000 KW. capacity in power generating 
machinery. The location of an alternating current 
power etation midway between the two towns with a 
substation at-each end and rotaries in the power station 
will mean average transmission and conversion losses 
of about 45% of the total power generated. The location 
of a combination alternating-current and direct-current 
plant at one end with substations at the other end and 
midway will mean average transmission and conversion 
losses of about 35%. 

With two direct-current stations, one at each end, and 
direct current feeder of double the cross section on the 
interurban line, the same results will be obtained with 


If the given conditions be varied by the elimination of 
the city cars at cne end of the line, leaving a load to 
be considered consisting of an interurban line of 20 miles 
in length, operating two regular cars on an hourly sche- 
dule, with a city system of 10 small cars centering at 
one end of the interurban line, then one direct current 
power station at or near the city car load probably will 
prove to be the most economical. In this case, of course, 
the trolley feeder must be increased greatly, and possi- 
bly a booster set will be required, but this additional 
investment will not reach the cost of transmission lines, 
suvotations and substation apparatus plus the capitalized 
cost of substation operation and losses. 

However, when the proposed line is much to exceed 
20 miles in length, especially if future extensions are 
very likely, and no great number of city cars are to be 
operated, economy begins to favor the alternating-current 
station with high tension transmission and substations, 
and as the length of line increases, and with it the 
number of cars to be operated and the total load on the 
éiation, it finally reaches a point where there is no 
question as between the one alternating-current station 
and a number of small direct-current plants. When the 
construction of a power plant of several thousand kilo- 
watts capacity is under consideration, a location may 
be selected where a supply of good water is assured, 
where coal may be easily handled, and the many refine- 
ments conducive to economical operation may be intro- 
duced which are not possible or practicable in smaller 
stations. These points, together with the low cost per 
kilowatt-hour for labor which is possible with a large 
station, combine to reduce the initial cost of power to 
such a low figure that the seemingly low average effi- 
ciency of transmission and conversion, together with the 
costs of substation operation, may be met, and power 
still be delivered to cars many miles distant at a cost 
which will compare very favorably with direct current 
distribution within much smaller possible areas. 

In this discussion, no mention has been made of the 
purely alternating current system, in which the car 
motors are designed for the use of alternating current, 
and for which the following claims are made: Reduction 
in first cost, by the elimination of the rotary converter 
and saving in trolley feeder; reduction in operating ex- 
penses by doing away with constant substation attend- 
ance; and increase in efficiency by the reduction of trol- 


ley and feeder losses, reduction or elimination of rheo 
static car starting losses, and the complete eliminatio: 
of rotary converter losses. As soon as the new alterna’. 
ing-current motor can demonstrate these points se 

prove to us that it is as well adapted to our purposes m 
efficient, as reliable, and as easy of maintenance as tt 
direct current series motor, we must seriously considc> 
it in our future plans. The operation of cars by thi: 
system has just been started on the Rushville divisic 

of the Indianapolis & Cincinnati Traction Co., and th 

operation of this line will be very closely watched } 

street railway engineere and managers, until the su 

cess of the system has been fully demonstrated. 

The replies which have been received to letters of in 
quiry represent 85% of the total installed generat!; 
capacity of the railway power stations of the state. The 
power stations generate an average of 5,845,450 kilowa: 
hours per month at an average total cost of $44,156. - 
0.755 ct. per kilowatt-hour. This average cost per i) 
watt hour is divided as follows: Fuel, 0.526 ct.; lab. 
0.158 ct.; lubricants, waste and miscellaneous supplic 
0.032 ct.; repairs, 0.039 ct. 

The lowest cost per kilowatt hour reported is 0.505 -: 
while the highest is 2.024 cts. The lowest cost of fy 
is 0.368 ct.; the highest, 1.405 cts. The lowest cost . 
labor is 0.100 ct.; the highest, 0.331 ct. The lowest co 
of lubricants, waste and miscellaneous supplies is 0.0! 
ct.; the highest, 0.086 ct. The lowest cost of repairs 
0.010 ct.; the highest, 0.218 ct. Deducting the output o: 
the two most economical stations, representing two-third 
of the total output reported, the average cost of the ba 
‘ance of the power generated in the state is 1.021 ct» 
per kilowatt hour. 


The figures which have been given are on cost of power 
at power station switchboards. As six of the 13 station 
reporting are alternating-current stations with tran 
mission lines and substations, theee costs must be in 
creased by the addition of substation operating expenses 
With this addition, the total cost of power delivered 
to direct-current feeders is $47,500, or 0.964 ct. per kilo 
watt hour,+ the lowest cost reported being 0.747 and th: 
highest, 2.024 cts. 

The total amount of coal burned in all the etations re 
porting averages 532% tons daily, 80% of which is In- 
diana run of mine and slack. The average cost of al! 
coal burned is $1.89 per ton. The average consumption 
of coal ig 5.56 Ibs. per kilowatt hour, the highest con 
sumption reported being 10.7 Ibs. and the lowest being 
4.9 lbs. per kilowatt hour. The power station capacity 
per interurban car operated averages, as has been stated, 
about 200 KW., the lowest being 150 KW. and the 
highest, 350 KW. 

The roads reporting give a monthly car mileage of 
city cars of 1,122,060, and of interurban cars of 630,258 
car miles. The average power consumption is 1.48 kilo- 
watt-hours per car mile for city cars and 5.18 kilowatt- 
hours per car mile for interurban cars. On this basis, 
the average cost of power per car mile is 1.43 cts. for 
city cars and 6 cts. for interurban care, 

As illustrating the beneficial effect of the careful con- 
sideration of operating features in the engineering de- 
sign and construction of a road, such as reducing curves 
and grades to the practical minimum, the careful loca- 
tion of substations with respect to their loads, and an 
economical distribution of copper, some figures on the 
Indianapolis Northern division of the Indiana Union 
Traction Co., as compared with the balance of that sys- 
tem, may be of interest. This division consists of the 
lines from Indianapolis to Logansport, Kokomo to Peru, 
and Tipton to Elwood. This portion of the line is fed 
from the power station at Anderson through 30,000-volt 
transmission lines to six substations, located 26, 42, 43, 
59, 59 and 61 miles, respectively, from the power station, 
the average distance of all rotary converters being over 
46 miles from the generators. The balance of the sys- 
tem is fed from the same power station through rotaries 
at the power station, and through 15,000-volt transmis- 
sion lines to eight substations, the average distance of 
all rotary converters on these old divisions being but 
15 miles from the power station. 

The alternating-current output of the station is meas- 
ured by an integrating wattmeter on the generator switch- 
board, while a second wattmeter measures the input to 
the step-up transformers eupplying current to the trans- 
mission lines feeding to the Indianapolis Northern sub- 
stations only. Notwithstanding the fact that 12% of the 
power used on the old divisions is delivered directly from 
the power station with no alternating current transformer 
or transmission losses whatever, and that the average 
distance from generator to rotary is 31 miles greater on 
the Indianapolis Northern divisions, the power station 
output to these new divisions is but 33% of the total 
while handling 42% of the total car mileage. In other 
words, the power consumption per car mile, including all 
losses from generator to car motor, on the new lines 
but two-third as much as on the old lines, even thous 
the average transmission distance is three times as grea’ 
The class of cars in use on all divisions is the same, 4° 
the average schedule speed is slightly greater on t! 
new lines than on the old. 4 
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> PINTSCH SUCTION GAS PRODUCER.* 
By S. F. Saeger. 


The | clopment of the gas producer has brought out a 
new t of gas engine. Producer gas requires an en- 
gine ° high compression, large inlet valves and gov- 
ernor trol on the admission of both air and gas and 
the d pment of the gas producer industry was greatly 
retar by the fact that these engine conditions were 
not and met. 

The , of making the suction of the gas engine piston 
gene its own gas had been advanced, and was, in 
fact, ated by C. Wiegand in 1884, but after investiga- 
tion the part of several interested firms the scheme 
wag ped and the patents allowed to lapse. Wiegand 
was, wever, close to the solution of the problem and 
failed -cly because of an incomplete understanding of the 
requi © conditions, 

In | > fall of 1900 the firm of Julius Pintech, of Ber- 
lin, Ge many, put upon the market a practical suction gas 


producer which, overcame all of Wiegand’s difficulties. 
This producer was simple in construction and operation, 
required little attention and gave a brake horse-power- 
hour 'o small units on one pound of Belgian anthracite. 
Four years P@actical experience with this plant brought 
many improvements and the construction of the present 
Pintsch suction gas plant is as follows: In the illuetra- 
tion, A, is a blower, furnishing draft for starting the 
fire and raising the heat in the generator to the proper 
temperature for the production of gas; B, a generator, 
equipped with a grate on which the coal is burned, a 
hopper, which allows charging during operation, a win- 


Vaporizer 


of water to the cleaning-pot on shutting down, the rest 
of the apparatus is water sealed and the gas therein 
kept intact for starting up again. 

The scrubber should never fee] more than warm to the 
hand, otherwise steam will pass through it to the appa- 
ratug beyond, carrying with it a considerably greater 
percentage of dust, and the gas will not be cool when it 
reaches the engine. The gas must reach the engine cool 
or the charge taken in will be a charge of expanded and 
rarefied gas and will not carry sufficient energy. 

In the cleaner the gas gives up the last of its dust and 
moisture and emerges cool, clean and dry. 

The gas governor (a Pintsch patent) used on these 
plants is of great value. The engine, on its charging 
stroke, instead of drawing entirely from the producer 
drawe its charge in part from the governor and the gov- 
ernor-spring then compensates this by drawing in a fresh 
charge from the producer. The resulting suction on the 
producer when the governor is used is a steady draught 
through the apparatus instead of the intermittent pull 
which is made by the suction stroke of the piston. This 
steady suction gives a steady even draught through the 
fire, which is an essential condition for the continuous 
formation of gas of a uniform quality, and as shown by 
actual test gives an added economy of 10%. Another 
great benefit derived from the governor is the ability to 
run any number of engines from a single producer with 
certainty of operation and without any loss in economy, 
it being only necessary to attach a governor to the indi- 
vidual gas main leading to each engine. 

The theory of the formation of the gas is that, by limit- 
ing the amount of air admitted to the fire, complete com- 


6as Governor 


THE PINTSCH SUCTION GAS PRODUCER, 150-HP. PLANT. 


dow valve for inspection of the fire and fire doors for 
poking down; C, is a vaporizer fitted with a small tubu- 
lar boiler for the generation of steam and a relief pipe 
or chimney for use when the engine is not running; D, a 
scrubber consisting of a coke tower with a water spray 
for washing the gas; EB, a cleaner containing wooden 
trays covered with wood shavings or saw-dust through 
which the gas ig filtered giving up the last of its dirt 
and dust; F, a governor or pressure equalizer for main- 
taining a steady pressure throughout the apparatus. 

To operate the plant, a fire is lighted in the generator 
and a small amount of coal added, the blower being run 
until the fire is burning strongly with the relief valve R 
open. After 10 to 15 minutes blowing, the fire is suffi- 
ciently hot to give off gas; the relief valve is then closed 
and the gas allowed to pass through the apparatus, the 
blower being kept running at slower speed until the gas 
burns freely at a test cock beside the engine. The en- 
gine ig then started, the blower stopped and the formation 
of gas becomes automatic; the suction stroke of the en- 
gine furnishing the draft through the fire. In ordinary 
practice, the fire is left burning over night with limited 
draft and only a few minutes blowing is required to 
brighten up the fire in the morning. The generator 
should be kept full of coal and the fire kept clean and 
bright. Since the apparatus is always under a slight 
vacuum, the fire doors can be opened at any time for 
cleaning out the fire. 

The vaporizer ig built in three sections, the upper being 
simply a chamber connected with the relief pipe or chim- 
neyl, the middle, a small tubular boiler and the base sec- 
Uon acting as a cleaning-pot and water seal when the 
engine is not running. By the passage of the hot gasee 
coming from the generator through the flues of the boiler, 
the gas is cooled and steam is generated which is passed 
back under the grate for the purpose later described. The 
cleaning-pot or bottom section collects the heaviest dust 
aud dirt coming over with the gas. By the admission 


eA \bstraet of a paper read before the Michigan BEngi- 
being Seciety. 


bustion of the coal is not permitted and the supply of 
oxygen being insufficient, carbon monoxide, CO, is formed 
instead of carbon dioxide, COs, while the steam formed in 
the vaporizer is led back under the grate and breaks up 
on striking the incandescent fuel, giving free hydrogen 
and carbon monoxide, the carbon monoxide and the hy- 
drogen forming the power gas for the engine. The aver- 
age gas with a good grade of anthracite should have 
a heat value of 130 to 140 B. T. U. per cu. ft. and the 
constituents by volume should be as followe: 


Should the apparatus be of faulty design and more 
steam be admitted than the fire can break up, the effect 
will be a deadening of the fire and the diminution of the 
gas formed and in the end a complete shutting down. On 
the other hand, if an insufficient amount of steam is pro- 
vided, the grates will burn out rapidly and the gas 
through a lack of hydrogen will be lacking in power. 
When anthracite is used the amount of water transformed 
should be from 0.8 to 1.2 times the weight of the coal 
burned. 

The cleaner is often left off in the cheaper forms of ap- 
paratus but an examination of the pipes on such a plan? 
after a month’s use will conclusively prove its necessity. 
Where water is an important factor the scrubber may be 
run hot and less water used, but it will be done at the 
expense of the cleaner which will be forced to remove a 
greater percentage of dust, the same having been carried 
through to it by the non-condeneed vapor, the sawdust 
and shavings would therefore require more frequent clean- 
ing and renewal. Wherever necessary a cooling system 
can be installed and the water re-used after slight filtra- 
tion. 

As an example of the efficiency with which the gas in 
this apparatus is cleaned and dried an instance may be 
cited of an installation of Julius Pintsch at Heusy in Bel- 


gium, where a plant was run for an entire year without 
any cleaning whateoever of either the engine or gas ap- 
paratue and the deposit of foreign matter found in the 
same at the end of the year was inappreciable. As for its 
reliability a Pintsch producer and 50 HP. Deutz engine 
was, in one instance, through necessity, run continuously 
night and day for nine months without a single stop for 
any cause whatsoever. 

The superiority of the suction system over the old 
Pressure type of gas producers has been conclusively dem- 
onstrated. There were originally many objections raised 
to the suction type and the idea of having the engine draw 
in its charge of gas, thereby making the draught for the 
fire and rendering the apparatus automatic, was consid- 
ered impracticable. The point was raised that the gas 
being at less than atmospheric pressure would interfere 
with the satisfactory working of the engine. If it were im- 
possible to regulate the admission of the air with the 
pressure of the gas this objection would hold true, but 
the same is taken care of by providing a separate air 
inlet on the engine which allowe the formation of a suit- 
able mixture in all cases, 

The suction gas plant is simpler, cheaper and requires 
less room than the pressure plants. It is more economt- 
cal of fuel and requires less attention. It requires no 
separate steam boilers and there is no steam under pres- 
sure. It requires no large gas holders and there is no 
chance for gas to escape into any of the rooms of the 
building as the whole apparatus is always under slightly 
less than atmospehric pressure and any leakage would be 
a leakage of air into the apparatus and not of gas out. 
A leakage sufficient to bring about a stoppage would have 
to be very large and could not occur in regular working 
except through some extraordinary accident. 

The working of the Pintsch plant is practically auto- 
matic and the fire can be poked down and clinkers and 
ashes removed without causing any interruption to the 
production of the gas. 

The air entering the producer below the grate tg piped 
from outside the building so that any gas which might 
eollect due to a sudden stoppage of the engine or a clog- 
ging of the pipes must escape through this inlet pipe to 
the outer air. Any irregularity is at once traceable by a 
series of gages which show the amount of vacuum af all 
times in the various parts of the installation. 

It is a scientifically designed plant, thoroughly worked 
out and certain of operation, requires comparatively little 
room and is of euch a character as to be a perfectly safe 
installation in office buildings, hotels and the like, for 
which work it is in fact in wide use abroad, where Julius 
Pintsch has already installed over 2,000 plants ranging 
from 4 to 2,000 B. HP. 

Julius Pintsch hag built producers in single units up tu 
2,000 HP. on the same lines as the emaller plants. These 
plants are operating with perfect success and consumes 
only about %-Ib. of coal per B. HP. per hour, the con- 
sumption decreasing with the increasing gize of the unit 
While this type of apparatus here illustrated has been 
gpoken of as only available for anthracite coal it is with 
élight alterations equally available for any fuel that has 
not a tar base. 

The consumption with gas coke, clean gas coke being 
advisable because of its freedom from sulphur, is in the 
50-HP. size 1.07 Ibs. per B. HP. per hour, and about the 
game with charcoal. With pea anthracite at $5 a ton, 
the fuel cost is 4% ct. per B. HP. per hour. 

To date, the use of bituminous coal is confined to large 
units. To succesefully operate a gas engine the tar must 
be removed, which necessitates either an elaborate sys- 
tem of scrubbers and cleaners, or the combustion of the 
tar in the producer itself. Working on the latter prin- 
ciple Julius Pintsch now has in operation plants for both 
lignite and bituminous coal, and a plant of 400-B. HP. 
is working admirably on bituminous coal with the very 
low coneumption of 0.625 Ib. per B. HP. per hour. With 
bituminous coal at $3 a ton this brings the cost per B. HP. 
per hour down to less than 0.1 ct., which, barring water 
power and natural gas, may be said to be the cheapest 
form of power yet known. 

These plants are manufactured by the American 9uc- 
tion Gas Producer Co., of Lansing, Mich. 


CONCRETE FLOORS FOR RAILWAY BRIDGES. 


A new development in solid floor construction 
for steel railway bridges is the use of reinforced 
concrete, either in the form of a continuous mono- 
lithic slab built in place, or a series of separate 
slabs which can be set in place at any time. In 
a paper on solid ficors for railway bridges re- 
cently presented before the Western Society of 
Engineers, Mr. A. F. Robinson, M. Am. Soc. C. E., 
Bridge Engineer of the Atchison, Topeka & Santa 
Fe Ry., referred to this class of construction as 
the coming type of solid floor. We illustrate here- 
with some examples of solid floors of reinforced 
concrete, as used by different railways. 

Figs. 1 to 6 show standard designs of the Wa- 
bash Ry., for drawings of which we are indebted 
to Mr. A. O. Cunningham, M. Am. Soc. C. E., 
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Sectional Plan. 


Board for Supporting Upper Bars. 


Board. for Supporting Lower Bars. 
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Fig. 2. Forms for Concrete Floor (Des gn A). 


FIG. 1. STANDARD REINFORCED CONCRETE FLOOR FOR THROUGH GIRDER BRIDGE 
(DESIGN A); WABASH RY. “ 
W. S. Newhall, Chief Engineer; A. O. Cunningham, M. Am. Soc. C. E., Bridge Engineer. 


Bridge Engineer of that road, who states that this 
class of construction has been used for more than 
a year and has been found both satisfactory and 
economical. The floor in “Design A,” Fig. 1, is 
for through bridges and consists of a 6-in. flat 
slab of reinforced concrete on 15-in. I-beams, 18 
ins. apert. It will be seen that the sides are car- 
ried up to form curb walls against the girders 
and enclosing the gusset plates. Fig. 2 shows 
the construction of ihe forms, which consist sim- 
ply of t-in. planks flush with the tops of the 
fioor beams and supported by cross pieces be- 
tween the beams. When the concrete has sei, 
these cross pieces are knocked out, aliowing the 
planks to fall away from the floor. This cut also 
shows the forms which hold the reinforcing bars 
in position while the concrete is being deposited. 

In “Design C” (also for through bridges), Fig. 3, 
the slab is at the boitom of the floor beams, en- 
closing the iower flanges, while concrete ribs en- 
close the upper part of the beams, forming 
troughs which are filled with the ballast. The 
floor beams are 15-in. I-beams, 20 ins. c. toc. A 
transverse rod is laid in the bottom of each 
trough, while short pieces of longitudinal rods 
are placed between the webs of the I-beams. The 
ballast is retained by curb walls, as in the other 
design. In “Design B” the construction is very 
similar, but with modifications in detail. Fig. 4 
shows the construction of the forms. 

The floor in “Design D,” Fig. 5, is of the flat- 
slab type, for deck bridges, and has a total width 
of 14 ft. over the parapet or curb walls. The 
forms used are similiar to those shown in Fig. 2. 

Fig. 6 shows a bridge built of vld bridge string- 
ers embecded in concrete beams and carrying a 
floor of concrete, all reinforced by longitudinal 
and transverse rods. The floor extends over the 
parapet or end wall of the bridge abutment, and 
the top of this wall is weil coated with soap, so 
that there will be no adhesion of the floor, which 
is thus free te slide on the abutment with the 
contraction and expension of the bridge. 

A floor similar to that of “Design A,” Fig. 1, 
but somewhat lighter in section, has been usel 
by Mr. E. H. Lee, Chief Engineer of the Chicago 
& Western Indiana Ry., for the 70th St. bridge 
on the joint track elevation of Chicago. Here the 
concrete is carried up to a narrow width against 
ihe web plate, and is coated with a water- 
proof composition. Similar floors have been 
built by the Chicago & Eastern Illinois Ry. 
at Danville, IIL, and by the Wheeling 


& Lake Erie Ry. at Valley Junction, O. The floor 
of this last bridge was put in while the bridge car- 
ried traffic. The floors for the through girder bridge 
in “Design A,” Fig. 1, and for the deck-girder 
bridge, Fig. 6, have longitudinal rods in the bot- 
tom and top of the slab. This is for the reason 
that the slab is considered a continuous girder 
on several supports. The bottom of the slab is 
reinforced with more rods than the top because 
it has in addition to take care of the stretch in 
the bottom of the slab due to the deflection of the 
girders. The cross rods in the bottom take care 
of the deflections in the slab due to the deflection 
in the I-beams. 

The quantities of concrete and concrete ma- 
terials required for these floors are shown in the 
accompanying table. The rock concrete is com- 
posed of 1 part of cement, 2 parts of sand, and 
4 parts of stone smail enough to pass through a 
ring 1 in. in diameter. The mortar concrete is 
composed of 1 part of cement and 3 parts of 
coarse sand. All the reinforcement consists of 
14-in. steel bars. 


Table of Quantities in Concrete Bridge Floors: Wabash Ry. 


Length ———Rock Concrete.—— Mortar Concrete. ~ 
of Ce- Con- Ce- Con- 
girder, ment, Sand, Stone, crete, ment, Sand, crete, 
ft. bbis. cu.yds. cu.yds. cu.yds. bbls. cu.yds. cu.yds. 
Design A: Through Bridges (Fig. 1). 


30 18 6 12 12 22 11 11 

50 27 9 18 18 36 18 18 

75 89 13 26 26 52 26 26 
100 51 17 34 34 68 34 


Design C: Through Bridges (Fig. 3). 
80 20 10 19 19 38 19 19 
50 44 15 29 29 58 29 29 
75 65 22 43 43 86 
100 84 28 56 56 112 56 56 
Design D: Deck Bridges (Fig. 5). 
80 21 7 14 14 28 14 15 


Concrete Protection 
for Gusset Plate 


In Fig. 7 is shown the floor of a double-track 
four-span plate girder deck bridge carrying the 
new Chicago and St. Louis line of the Chicago & 
Eastern Illinois Ry. over the Embarras River at 
Villa Grove, Ill. This was*designed by Mr. T. z 
Condron, M. Am. Soc. C. E., of Chicago, and con 
sists of a monolithic concrete slab floor for eac}, 
track, reinforced by longitudinal and transvers: 
bars, and having a curb wall along the outside 1. 
retain the ballast. The original plan was to hay 
the floor composed of slabs 6 x 14 ft., which coul: 
be built elsewhere and put in place on the girder: 
after completion. 


In Fig. 8 is shown the cross section of a con- 
crete slab floor used by the Chicago, Burlington 
& Quincy Ry. for deck bridges. Mr. C. H. Cart 
lidge, M. Am. Soc. C. E., Bridge Engineer, states 
that this is in use on two double-track bridges 
and one single-track bridge, while plans havo 
been made for four more bridges. In the double 
track floor the concrete is put in for each track 
separately, leaving one track open fo traffic, the 
two slabs being united by the transverse rods. 
In this floor no longitudinal rods are used. The 
concrete is composed of 1 part of cement, 2 parts 
of sand and 4 parts of %-in. stone. 


GRANULATED SLAG FOR BALLASTED BRIDGE 
PLOORS.* 


By E. K. Morse, M. Am. Soc. C. E. 


Many of our bridge engineers have never ridden on 
fast express locomotive drawing a heavy train over a 
bridge. It is only in studies of this kind that one can 
fully realize the importance of adopting that design which 
will give to the engine and train an easy elastic roadbed 
on the modern railroad bridge the same as in the main 
line. The style of floor commonly adopted on our railroad 
bridges, the open-floor system, consists of wooden guards 
notched and bolted to the ties, which are in turn bolted 
to the steel stringers; the ties support the rails directly 
over the stringers, and all combine to make a solid road- 
bed, entirely the reverse of the conditions on the main 
line, where the ties give sufficiently under engines and train 
load to form an elastic bed. The effect of an engine 
coming upon such a bridge from the ground-supported 
track is in the nature of a blow. The only provision made 
for this effect up to date is additional weight and rivets 
in the floor system. 

Some five years ago I began using granulated cinder, 
made from blast furnace slag, for extensive fills at the 
Eliza furnaces of the Jones & Laughlin Steel Company. | 
soon discovered qualities in it that led me to use it some 
years ago on the same company’s hot metal bridge and 
the Monongahela Connecting R. R. bridges across the Mo- 
nongahela river. In these bridges the floor was covered 
over with %-in. plates, built in the shape of a trough, 
and filled to the depth of 12 ins. with granulated cinder, on 
which the track was laid with ordinary ties, etc., same as 
the yard track. The result has been a soft elastic track 
on the bridge, which rides even smoother than on the 
ground, and is easier kept in repair. A wreck or derailment 
simply bunches up the ties and has thus far not produced 
the slightest damage to the structure, though there have 
been some nasty wrecks. The bridge is used foryard switch- 
ing and subject to constant loading of 100 tone of ore and 
pig metal, exclusive of the weight of the cars. This cin- 
der is perfectly clean, keeps dry, is a paint and wood pre- 
servative, weighs about 15 lbs. per cu. ft. when first made 
and dry, packs to about 35 Ibs. and when the ties are once 
imbedded it does not settle afterwards. 

There has been an animated discussion of late in New 
York in the scientific papers as how best to deaden the 
sound in elevated railroad and railway bridges. My sug- 
gestion would be to build a trough on the stringers, fil! 
it up with granulated furnace cinder, lay down the ordi- 
nary ties and spike the rails the same as any surface 
track and the cheapest and best cuelfioned roadbed that 
has yet been discovered will be the result. 


a 


*Abstracted from a paper read before the Engineers’ So- 
ciety of Western Pennsylvania, January, 1905. 
+tFarmers’ National Bank Bldg., Pittsburg, Pa. 
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FIG. 3. STANDARD REINFORCED CONCRETE FLOOR FOR THROUGH GIRDER BRIDGES 
(DESIGN C); WABASH RY. 
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TH: EFFICIENCY OF WASTE GAS BOILERS IN CON- 
NECTION WITH ROTARY CEMENT KILNS. 
By A. B. Helbig.* 


is well known to everyone connected with a 
\t mill that the fuel bill is one of the largest 
; of cost in the manufacture of Portland ce- 
: Efforts to reduce this item have naturally 
{ ased as the market price of cement has de- 
( sed. So far, two methods have been sug- 
, ed for reducing the amount of fuel comsumed 
barrel of cement manufactured. One is to 
ease the length of the rotary kilns and the 
r is to utilize the heat of the waste gases to 
, verate steam for power. Lengthening of the 
} n is certain to increase the output up to a cer- 
n ratio between the diameter of the kiln and 
i's length, and it is usually only a question of cost 
d very often also of room in the old mills 
-hether or not the kilns shall be lengthened. I 
do not believe that new kilns shorter than 100 ft. 
will be installed in the future. Thermally, how- 
ever, a 60-ft. kiln, with a waste gas boiler, is just 
as efficient as any longer kiln, and the object of 
this paper is to prove that the waste gas boiler 
alone solves conclusively the fuel problem of the 
cement mill. 
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The solution of the problem of utilizing waste 
gas boilers is by no means easy, and I am en- 
tirely of the opinion of Mr. Spackman that the 
pioneer in the attempt will have his troubles at 
the start. His consolation will be the knowledge 
that his neighbor will have quite as much trouble 
in adapting the same outfit to his own local con- 
ditions. The rotary kiln in combination with a 
waste gas boiler is a very complicated machine. 
To put a certain size boiler in a certain way be- 
hind a certain size kiln may be a success, but it 
will be the most economical and best outfit only 
for that individual mill under its special condi- 
tions. How much results vary in mills which have 
apparently the same conditions of raw material, 
coal and machinery is well known. If, however, 
the following investigations have been thoroughly 
made, the installation of waste gas boilers in a 
cement plant, if rightly done, should reduce the 
fuel bill from 50 to 60%. 


The specific heats and other data used in the 
following calculations may be subject to change 
in the future, but these changes should not be 
great enough to alter materially the conclusions. 
For the succeeding calculations the following 
data are therefore assumed to be correct: 

(1) 270 kilograms of raw material make 172.5 
kilograms of clinker or one barrel of cement. 
(These figures are rather high but are exact 
enough.) 

(2) The raw material contains 0.5% H:O and 
0.4% S Os. 


*Vice-President and Su mtendent, German-American 
Portland Cement Works, Salle, Ill. 


Half Transverse Section. 


Part Longitudinal Section” 


FIG. 4. FORMS FOR CONCRETE FLOOR (DESIGN B). 


(5) The cement analyses 62% CaO = 106.95 
kilograms per barrel, and 2.8% MgO = 4.83 kilo- 
grams per barrel. 

(4) The clinkers with 0.245 specific heat leaves 
the kiln at 1,000°C and 0.9 of this heat can be 
utilized to heat the air of combustion. 

(5) The specific heat of the air is assumed as 
constant == 0.2575. (Stevens, ‘“‘Annalen der 
Physik,” 1902, has proven that the specific heat 
of air increases with the temperature.) 

(6) The burning of the coal is performed first, 
with the theoretical air supply, and, second, with 
1.3 of the theoretical air supply. 

(7) All the combustible matter of the fuel 
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FIG. 5. STANDARD REINFORCED CONCRETE 
FLOOR FOR DECK GIRDER BRIDGES (DESIGN D); 
WABASH RY. 


burns, therefore the efficiency of the fire-box 
N= i. 

(8) One-tenth of the heat is lost by radiation in 
front of the kiln. The coefficient of radiation ac- 
cording to Peclet, is then d = 0.1. The tempera- 
ture of the flume T is then, 

T (L+1)C=NW (1 — 4) + Lt 0.2375, in which 
W = calories per kilogram of fuel. 
L= kilograms of air per kilogram of fuel. 
C = 0.24, specific heat of combustion gases. 
N=1. 
ad=0.1. 
t= temperature of air entering kiln 
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Solving the equation for T, we have 

w tL 
+ ——— when the factor 
Lil L+lI 


is made equal to unity. 
0.24 
(9) The loss by radiation and conduction of the 
kiln shell is 17,000 calories per barrel. This 
amount has been figured by the formula of “Ths 
Huette,” 1902, p. 294, and will vury greatly with 
the output of the kiln, the thickness of the lining, 
and the coefficient of conduction of the lining and 
the kiln shell. The total loss W in calori2s per 
square meter of area is 
W = 125s (1.0077 fi: — (1.0077 fe) + O55 b (ti + ted 
S = coefficient of radiation of rusty iron = 3.36, 
ti = temperature of kiln shell. 
ts — temperature of air. 
b = 6 == coefficient of construction. 
The heat of combination according to Berthelot 
“Thermochemie,”’ Vol. II., is: 
Ca O, 106.95 kg. x 530 — 56,684 calories. 
Mg O, 4.83 kg. x 827 = 3,904 sic 


Based on these data the heat used per barrel of 
cement may be summarized as follows: 


Calories. Calories. 
(1) radiation and conduction of 
l 


(3) “aon het in evaporation of water 

(4) Heat used in decomposition of sul 

phuric anhydrid 270 x 0.004 x 1,050. . 1,134 
(5) Heat used in —— of COz: 


106.95 (44 56) x O90.............. 84,042 

(6) Loss due to flue dust (estimated).... 3,562 
Loess heat of combination............ 60,678 
To burn one barrel of cement ................ 53 113 


All of the calculations are made for a tempera- 
ture of zero centigrade. The raw material at 
20°C will then bring into the kiln, 270 x 0.22 x 20 
= 1,198 calories. 

Therefore, the total heat units necessary to 
burn one barrel of the cement in question with 
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FIG. 6. REINFORCED CONCRETE BRIDGE, BUILT WITH OLD BRIDGE STRINGERS; WABASH RY. 
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waste gases at 0°C. will be 53,115 — 1,188 = 
51,925 calories. 

The following three kinds of coal have been 
taken under consideration: 


Pitteburg bituminous ...... 
Mt. Olive, 


These coals analyze as follows, according to 
“Steam 1902,” Babcock & Wilcox: 


H,OC HO S WN Ash. 
147 6 8. 18..3 8 
Hocking Valley .... .... 75 67 48 10 15 1.2 8 


! 


The 381.96 calories regained from the clinker 
heat, will bring the air to the following tempera- 
tures: 


| 
air supply 458 474 494 


If we were to build around the kiln a revolving 
or stationary shell and draw the air of combus- 
tion through this annular space, we should be 
able to regain about 89% of the heat lost by 
radiation and conduction, and this would raise 
the temperature of the air to: 

Pitts. H. Val. Ill. 


Theoretical air supply 621 643 670 
ly gw 478 495 615 


i 


Detail of Bent Bar, Enlarged. 
% FIG. 7. BRIDGE FLOOR OF REINFORCED CONCRETE; CHICAGO & 
EASTERN ILLINOIS RY. 


W. S. Dawley, Engineer Maintenance of Way; 
T. L. Condron, M. Am. Soc. C. E., Desigher. 


volatile sulphur in the coal and assuming that 
the coal has been dried to 5% moisture, a kilo- 
gram of coal requires then the following amounts 
in kilograms of oxygen: 


Pittsburg. Hocking Valley. Illinois. 


For the hy- 
drogen: 


H == — ....0.04 x 8 = 0.32 0.035 x 8 = 0.28 0.03 x 8 = 0.24 
8 


For the car- 32 32 32 
bon .....0.77x —=2.06 0.67 x — = 1.80 0.56 x — = 1.49 
2 12 12 


The air contains generally 20.5% of oxygen 
and 78.7% of nitrogen, with a remainder of water 
and carbon dioxide. A cubic meter of air con- 
tains: 0.205 x 1.4298 = 0.293 kg. of oxygen. To 
burn one kilogram of coal with theoretical air 
supply requires then the following amounts of 


“oxygen: 


Pittsburg coal, 8.09 cu. cm. 

Hocking Valley coal, 7.10 cu. cm. 

Illinois coal, 5.90 cu, cm. 

With a specific gravity of 1,288 these amounts 
become: 

Pittsburg coal, 10.42 kilograms. 

Hocking Valley coal, 9.14 kilograms. 

Illinois coal, 7.60 kilograms. 

With 1.3 of the theoretical air supply the 
amounts become: 

Pittsburg coal, 13.55 kilograms. 

Hocking Valley coal, 11.88 kilograms. 

Illinols coal, 9.88 kilograms. 

The air of combustion brings to the process at 
20°C., with theoretical air supply, for each kilo- 
gram of coal: 


Pittsburg coal — 10.42 x 0.2375 x 20 = 49.5 calories. 
Hocking Valley coal, = 9.23 x 0.2375 x 20 = 43.8 cal- 


ories. 

Illinois coal, <= 7.60 x 0.2375 x 20 = 36.1 calories. 

With 1.3 of theoretical air supply the figures 
are: 


Pittsburg coal, 64 calories. 
Hocking Valley coal, 57 calories. 
Illinois coal, 47 calories. 


To burn one barrel of cement requires 
250,000 
7,450 
250,000 
6,740 
250,000 
————— = 42.9 kgs. Illinois coal. 
5,830. 
To raise the temperature of the air of com- 
bustion 1°C., we have to use with theoretical 
air supply: 


83.6 x 10.42 x 0.2375 = 83.15 Pittsburg coal. 
87.1x 9.14 x 0.2375 — 80.53 Hocking Valley coal. 
42.9x 7.60 x 0.2375 =< 77.43 Illinois coal. 
With 1.3 theoretical air supply the correspond- 
ing figures are: 


= 33.6 kgs. Pittsburg coal. 


= 37.1 kgs. Hocking Valley coal. 


Hocking Valley coal 104.7 
100.7 


From this we can figure the temperature of the 
clinkering zone and have then with no heating 
of the air t = 0°. 

Pitts. H. Val. Ill. 

Theoretical air supply ............. 2,448° 2.502° 2,542° 

1.3 1,9 004 
Using the clinker heat: 


Pitts. H. Val. Ill. 
Theoretical air supply ............ 2,863° 2,929° 2,979° 
1.3 7 2,248° 2,346° 2,439° 


Using clinker heat and heat of kiln shell: 
Pitts. H. Val. Ill. 


The burning temperature of the cement in 
question lies, in my opinion, between 1,300° and 
1,400°, and I do not believe that cement can be 
burned with a coal flame as low as 1,000°, as 
stated by Mr. Jos. W. Richards in his paper on 
“The Thermal Efficiency of a Rotary Kiln.” As 
the temperature was taken in the chimney 4 ft. 
from the upper end of the kiln, the gases of the 
gas analysis if taken at the same spot might have 
been mixed with air which did not go through the 
kiln. To determine this I have had tests made 


| 


any chance of their becoming mixed with gases 
which have not passed through the kiln. 

The equation T (L + 1) 0.24 = (i — a) 
+. L t 0.2375 can be used to find the heat lost by 
radiation in front of the kiln, which will ce:. 
tainly vary with different kiln arrangements and 
with the same kiln in different mills. After deter- 
mining the temperature T at the clinkering zone 
by optical pyrometer and calculating from the 
results of the gas analysis; (1) the amount of air 
in kilograms to burn 1 kg. of fuel, and, (2) the 
efficiency of the furnace, the coefficient of radia- 
tion is then, 

Lt 0.2375 +N W — T (L +1) 0.24 
a= 


NW 

In this equation everything has been figured out 
with the exception of N. To find N, the fuel used 
to burn the cement has to be analyzed very thor- 
oughly the percentages of carbon, hydrogen, oxy- 
gen, volatile sulphur, and nitrogen have to be 
found. The amount of carbonic acid per barre) 
and the kilograms of fuel per barrel have to be 
found. Finally, analyses of the waste gases 
should be made as often as possible. The above 
task involves a great many very delicate opera- 
tions, but it is the only way of determining the 
necessary fineness to which the coal should be 
ground. It is possible that a great portion of the 
carbon passes through the kiln without burning 
even though the chimney gases are white. If the 
chimney of the kiln sparks in the night time, it is 
a sure sign that the coal is not ground fine 
enough. The moisture of the air during the test 
should be determined, and also the oxygen, but 
the traces of C Oz may be neglected. 

An example will serve to illustrate the way of 
getting the coefficient N and in the end the abso- 
lute fineness necessary for the coal. We have 
found the air to contain 78.7% N and 20.5% O, and 

0 
the coal, 60% C, 4% H——, 1% volatile sulphur, 
8 
and 1% nitrogen, and we use 50 kgs. of this coal 
to burn one barrel of cement, which liberates 90.9 
kgs. C Oc A kilogram of coal has 6,000 calories. 
The waste gases analyze, 22% CO:s, 0% CO ani 
5% O. We have then per barrel y cubic meters 
of waste gases, and as there are 0.22 x 0.4 = 
0.1188 kgs. C per cubic centimeter 


12 
0.60 x 50 + 90.9 x —— 
44 54.8 
0.1188 0.1188 
24' 8" >! 
>j | 
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FIG. 8. REINFORCED CONCRETE FLOOR FOR DECK GIRDER BRIDGES; CHICAGO, 
BURLINGTON & QUINCY RY. 
' C. H. Cartlidge, M. Am. Soc. C. E., Bridge Engineer. 


from waste gases taken inside of the kiln about 1 
ft. from the discharge end and abcut 12 ft. high 
in the chimney. The gases taken from the first 
place analyze CO: = 21.7; CO = 0.3; O = 1.3%. 
The gases taken at the same time 12 ins, inside of 
a 48-in. stack analyze, CO: = 10.6%; CO = 0%; 
O = 11.5%. A second test showed, (1) COs = 
18.2%; CO = 16%; O = 1.6%; (2) CO: = 10.5%; 
co = 0%; O = 9.6%. The gases for analysis 
should, therefore, be taken from inside the kiln, 
or, at least, in the discharge opening, to avoid 


cubic meters of every particle of coal were 
burned. 


Assuming that the hydrogen, oxygen and sul- 
phur are completely burned, it requires for 
0 


H — = 0.04 x 50 x 8 = 16 kgs. O, and for 
8 


32 
S = 0.01 x — = @ 2. 


$2 
16 kgs. + 0.5 kgs. = 16.5 kgs. 


Cal 
1 
B. T. U. ories 4 
13,410 =< 7,450 
12,130 =< 6,740 
; 10,490 = 6,830 
2 Corr Bars, 12°C to 
Theoretical air supply ............3,014° 3,081° 3,134° 
1.3 nid §62,466° 2.561% 
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9 
yne nity. en of the coal, which is about 0.4 cubic Cubic — 
meter,’ ¥ be neglected without altering the re- Fittaburg COAL eee 28.9 1086, 568.76 
haw ocking Valley coal ...... 
The corresponding figures, with 1.3 theoretical (0. 1973 + 0.000,0591 

20.3 325.29 (0.24286 + 0 :000.02143 t) 

1 0.73 supply, are: 28.06 (0.4304 + 0.000, 1889 t) 

of nit n which equal 0.73 x a Cubic meters———,_--Per cent.-— = 131.19 t + 0.023 x 2657 t# 

78.7 Total. COs N. COs O. = 

ters of oxygen = 0.19 x y_ cubic coal... 168 4 729 

eubic H, Val. coal. 378 92.1 16. 24. ‘ , 
eters ° oxygen. In the waste gases there re- Ill. coal..... 365.15 90.6 15.6 258.95 24.8 70.9 43 For approximate calculation the value Cp = 
meter! “: 0.28 is exact enough for waste gases in the neigh- 
maine ).05 xX y cubic meters of oxygen un- Between the above limits it is possible to burn borhcod of 1,000° c 
chang Therefore, 0.14 x y cubic meters of oxy- cement. , ; 


gen hove been used to burn the carbon of the 
coal. he total COz of the waste gases are 
0.22 cubic meters = 0.22 x y x 1.9774 kgs., 


32 
which correspond to 0.22 x 1.9774 x —— kgs. 
44 
32 
oxyge:, but from this total 90.9 x = 66.1 kgs. 


44 
oxygen come from the raw mixture. We get then 
the equation: 


32 
y x 0.22 x 1.9774 or) — 6.1 = y x 0.14 x 1.4298 — 16.5. 


8 
y x (0.22 x 1.9774 x gs 0.14 x 1.4298) = 49.6. 


y (0.3164 — omen = 49.6. 
y x 0.1162 = 49.6. 
y = 427 cubic meters. 


To find the carbon Jost we have then the equa- 
tion: 


12 
50 (0.60 — x) + 90.9 x —- 


== 427 
0.1188 


30 — 50x + 24.8 = 427 x 0.1188 
50x = 64.8 — 50.73 = 4.07 
x = 0.081 = 8.1% 

There is a very interesting connection between 
this figure and the residue on a certain size screen 
with Illinois coal under special draft conditions. 
The coefficient of the furnace is then 

6,000 — 9,081 x 8080 
N= = 0.891 = 0.891. 
6,000 

With coal fine enough N = 1, but there is of 
course a limit in ‘coal grinding and only practical 
tests will determine what is the most economical 
fineness of the coal taking its price and the cost 
of grinding into consideration. I believe that the 
determination of N will give some surprises to 
managers of cement mills. 

It has been assumed in the preceding discus- 
sion that we burn a barrel of cement first with 
theoretical air supply, and second with 1.3 theo- 
retical air supply. In the first case there is no 
oxygen in the waste gases. In the second case 
we have for, 
sas: coal, 33.7 x 0.3 x 2.37 = 23.96 kgs. = 16.8 cu. 
Hocking Valley coal, 37.1 x 0.3 x 2.08 = 23.15 kgs. = 16.2 


m. 
Minois coal, 42.9 x 0.3 x 1.73 =— 22.26 kgc. = 15.6 cu. 
m. MO. 


The cubic met~rs of nitrogen in the waste gases 
are, with 1.3 of the theoretical air supply, for 
Peebure. coal, 0.787 x 10.51 x 33.7 = 297.3 cu. m. = 


3. 
Hockin Valley coal, 0.787 x 9.27 x 37.1 = 269.7 cu. m. = 
Ditnols coal, 0.787 X 7.67 x 42.9 — 258.95 cu. m. = 325.29 
s. 


The corresponding figures, with theoretical air 
supply, are for 


cu. m. 
Pittsburg coal . be 
Illinois coal .......... 


The carbon dioxide from the raw mixture is 
90.93 kgs., and from the fuel is for 


44 4 
Pittsburg coal, 0.77 x 38.6 x Ty = 94.86 kgs. 
44 
Hocking Valley cual, 0.67 x 37.1 x ny = 91.15 kgs. 
44 
Illinois coal, 0.56 x 42.9 x cry = 88.07 kgs. 


We have then a total of carbon dioxide for 


Pittsburg coal, 185.79 kgs. = 93.9 cu. m. 
Hocking Valley coal, 182.08 kgs. = = 92.1 cu. m. 
Ilinois coal, 17.9 kegs. = 90.6 cu. m. 
The gas analysis of the dry gases, with theo- 
retical air supply, are then at 0° C. 


Three different kinds of coal have been calcu- 
lated to show that the result is practically the 
same, with the same number of thermal units, and 
that the statement of coal consumption per barrel 
in pounds or kilograms is of no value without 
stating the calorific value of the coal in question. 
In my opinion any coal, which can be burnt on 
grates, can be used to burn cement if its consti- 
tution allows it to reach temperatures of 1,600° C 
and above and its ashes do not contain substances 
which will contaminate the cement. The main 
heat question in the burning of cement is then: 
Calorific value of fuel = consumption of heat units 
per barrel + heat of waste gases. We will now 
figure the heat of the waste gases for the different 
coals. 

The heat of the waste gases is for: 


(7,450 + 64) — 0.1) — 51,925 = 
222 — = 175,300 ca 
Hocking Talley 87.1 (6,740 + — 0.1) — 51,92 
226,951 — 51, $25 = 175,000 calories. 
Ilinois coal, 42.9 (5,830 + 47) (1 — 0.1) — 51,925 = 
226,941 — 51,925 = 175,000 calories. 

We have then practically 175,000 calories to 
use under the waste gas boilers. To be able to 
ealeulate the size of boiler necessary to utilize the 
heat we have to calculate the temperature of the 
waste gases. For exact calculation I have used 
the formulas of Mallard arid Le Chatilier varied 
by Langen* for 60, N and O, Cv = 4.8 + 0,0006t 
and for C Oz, Cv = 6.7 + 0.0026 t from which have 

€ 
2 
been derived the relation, ——- = Cp = Cv; m 
m 
= 32 for oxygen; m = 28 for carbon monoxide and 
nitrogen, and m = 44 for C O2. 


For O, c p = 0.2125 + 0.000,0375 
For C 02, ¢ p = 0.19773 + 0.000,1182 t. 


The formula of Weyranch* was used for Hs 
For H,0, ¢ p = 0.4304 + 0.000,3779 t. 
The mean specific heat for the temperatures 
from t = 0 tot = t are then for 


ry C O, p = 0.24286 + 0.00002143 t. 
O, c p = 0.2125 + 0.00001877 t. 
C’'0s, c p = 0.19773 + 0.0000591 t. 


H, O, c p = 0.4304 + 0.0001889 t. 

Assuming that we have in the air at 20°, 16 
grammes of water per cubic meter, we have then 
in the waste gases the following amounts of water 
vapor: 

In using Pittsburg aoe from the 


33.6 (0.014 + 9 x 0.5) — 15.59 kegs. 
0.016 x 10.51 x 33.6 = 6.65 
In using Hocking Valley coal from the 
OW. X 0.016 x 9.27 x 3 
In using Illinois coal from the 
coal ......++ «---42.9 (0.05 + 0.05 x 9) = 21.45 kgs. 
0.016 x 7.07 = 6.25 “ 


Total 
The heat equation for Pittsburg coal is then: 
175,300 = . (0.2125 + 0.000,01877 t) 
185.79 (0. 19773 + 0. 000, 0591 t) 
375.46 (0. i +) 0. 000, 02143 t) 
22.59 (0. 0,000,1889 t) 


t+ 0.023. 7268 


As we have $05.80 Lies of waste gases the mean spe- 
cific heat would be: 
p = 0.267. 


For Hocking Valley —- the equation is: 
175,000 =< t 23.15 (0.2125 + 0.000,01877 t) 
182.08 (0.19793 + 0.000,0591 t) 
338.8 (0.2486 + 0.000,02143 t) 
24.73 (0.4304 + — t) 
= + 0.0227,7: 


We have 5676 kilos of waste gases and the mean spe- 
cific heat figures then: 


*Zeitschrift des Vereins Deutscher Ingenieure, 1903, p. 
eqdeitschritt des Vereins Deuscher Ingenieur, 1904, pp. 1 


The heat of the waste gases, 175,000 calories, 
can be used under boilers, and if we estimate the 
efficiency of the waste gas boilers very low, say 
65%, we have 175,000 x 0.65 = 112,750 calories. 

The temperature of the steam at 150 Ibs. pres- 
sure, equal to 10.5 atmospheres, is 185° C and a 
kilogram of steam contains 663 calories. Calcu- 
lating on regaining 73 calories in heating the feed 
water by waste steam and the use of the con- 
densed steam for feed water, 590 calories will 

113,750 


generate 1 kilogram, and — =: 193 kilo- 


590 
grams of steam can be generated by waste heat. 
The General Electric Co. guarantees to develop 
one kilowatt with 20 lbs. of steam at 150 Ibs. 
pressure and adding 30% at a very safe figure, for 


auxiliary machinery, we develop from the waste 
gases: 


193 x 22 
= 16.3 kilowatt hours per barrel. 
26 

This power will in my opinion cover all the 
needs in an up-to-date cement plant. If more 
power should be needed we have only to burn 
more coal in the kiln. The burning of the ce- 
ment is, in my opinion, nothing else than keeping 
a certain temperature in the kiln; the tempera- 
ture can be kept with more or less coal, according 
to the gas velocity in the kiln, and this flexibility 
of the process allows taking care of the variations 
in the power requirements of the mill. 

I do not wish to be misunderstood in this re- 
gard. I would not want to change the conditions 
of the kiln house if a break-down of several 
hours occurs in one department. But if the ce- 
ment mill should be stopped on account of the 
warehouse being full, I am satisfied that I could 
regulate the coal feed and air blast to get less 
waste heat, viz.: burn less coal. 

The first installation of waste gas boilers has 
always been looked upon as a very expensive af- 
fair, which it is no doubt in old mills where the 
buildings and the machinery are in the way, but 
in new mills the first cost for a waste gas boiler 
plant, is not so very much more than for direct 
fire boilers. 

Waste gas temperatures of '1,000° C have been 
measured behind running kilns. The calculated 
figures are obtainable, and we have then with 
185°C steam temperature and 280° waste gas 
temperature under the boiler, the mean difference 
of temperature of fire gases and steam in the 
boiler kilns fired with 


1048 + 280 

Pittsburg coal ........ = see: aa = 185 = 479° 
1086 + 280 

Hocking Valley coal ... = ies eis == 185 «= 498° 
1113 + 280 

Illinois coal ........ == 185 = 511° 


The coefficient of heat transmission is $B TU 
per sq. ft. per hour per 1° F. in standard Ameri- 
can water tube boilers, which equals 14.65 calories 
per sq. m. per hour per 1° C. 

As we have 113,750 calories to utilize, with 
a mean difference of about 480°C, we have 

113,750 113,750 
= = 14.2 sq. m. of heating 

14.65 x 480 8,082 
surface per barrel of cement; 14.2 x 10.76 = 1.53 
eq. ft. per barrel. Prof. R. C. Carpenter has put 
behind two kilns, one boiler of 38,056 sq. 
ft. boiler surface and one economizer cf 

1,178,998 


3,056 x 


= 3,056 x 0,134 = 342 sq. ft. 


8,798,328 
of boiler heating surface or a total of 3,400 sq. ft. 
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for 21.1 barrels. This figures 161 sq. ft. per barrel 
of cement. 

If we assume that we can burn, with automatic 
stokers, with 1.3 of the theoretica! air supply and 
figure the efficiency of the fireplace N 2 = 95% and 
the coefficient of radiation @ = 0.2 and the air 
temperature t = 20°. The above suppositions are 
very high and are only obtained with the very 
best amount of care and the very best installation. 
The temperature of ignition are then: 

For Pittsburg coal: T (12.55 + 1) 0.24 =— 0.9% x 7,450 
(Ll — 0.2) + 13.56 x 20. 
T. 3,492 — 5662 + 64. 
T = 1,640°. 
For Hocking Valley coal: T. (11.88 + 1) 0.24 =< 0.76 x 
6,740 + 11.98 x 4.75. 
T. 3.0812 — 5,122 + 56. 
T = 1,680°. 
For Itinois coal: T. (9.88 + 1) 0.24 <— 0.76 x 5,830 + 9.88 
x 4.75. 
T. 2.611 = 4,430 + 47. 
T 1,715". 


= 


The mean difference of temperature between 
the fire gases and the steam is then, for 


1640 + 280 
Pittsburg coal ......... = “ — 18 = 775° 
1680 + 280 
Hocking Valley coal .... = — — 185 = 7%* 
1715 + 280 
= — 185 872° 
2 


As the steaming capacity of the boiler is di- 
rectly proportional to the mean difference in tem- 
perature, the waste gas boiler has to be made 1.6 
times larger than the direct fired boiler. The re- 
pairs of the waste gas boiler with a maximum 
temperature of 1,100° are very much lower than 
the repairs of the boiler with a maximum tem- 
perature of 1,700°C. 


Figuring the direct fired boiler with an ef- 
ficiency of 75%, we would have to burn to 
generate 113,750 calories if we used 


113,750 
COM = 20.3 kgs. 
0.75 x 7450 
113,750 
Hocking Valley coal .......... 22.9 * 
0.75 x 6740 
113,750 
20 
0.75 x S830 


According to these figures we use to burn ce- 
ment only of 


33.6 — 20.3 = 13.3 kgs. 


I show below conclusively, I believe, that it is 
practically impossible to burn cement with 16.9 
kilos of Lilinois coal and thus prove that the 
waste gas boiler is the most economical solution 
of the problem. 

We have, with 16.9 kgs. of coal in the waste 


gases, 
Water from the 
16.9 x 0.50 = 8.45 kgs. 
16.9 x O.U16 x 7.67 = 2.07 
Oxygen: 
0.3x 1.73 x 16.9 = 8.77 kgs. 
Carbon dioxide, from the ‘a 
0.56 x 16.9 x == $34.7 kgs. 
. 63.5 cu. m. 125.63 kgs 


Nitrogen: 
U.787 x 7.67 x 16.9 = 102 cu. m. = 128.1 kgs. 


The total waste gases, dry, would then be 
Cu. m. Per ct. 
6.2 3.7 


171.7 100.0 


The air for combustion cannot be used very 
much hotter than 600°, and we can only use then 
600. x 2.35 x 16.9 — 23,829 calories, and lose, there- 
fore, 38,196 — 23,829 = 14,367 calories. 

The heat equation is then: 

6.9 (6,830 +447) (1—0.1) = 91,925 + 14,367. 
+t 8.77 (0.2125 +0.000,0187 t) 
125.63 (0.19773 + 0.000,0591 t) 
128.1 (0.24286 + 0.000,0214 t) 
11.87 (0.4304 + 0.000,1889 t) 
te= 350. 

The temperature of the waste gases would then 

go down to 350°C. = 620°F., and I do not believe 


that it is possible to lengthen the kiln enough to 
come down to this temperature with the dry 
process. The wet process is more or less a thing 
of the past in this country, and the installation of 
the waste gas boiler behind rotary kilns will have 
a tendency to hasten its end. 

To recapitulate the figures, we have: 


Calories. Per ct. 
Heat units from combustion of coal....250,000 — 100 
Heat units used to burn cement includ- 

Heat units leaving the kilm ............ 175, 
Heat units available in the steam ....113,7350 = 45.5 

According to Professor Carpenter’s figures in 
the “Sibley Journal of Engineering,’ March, 1904, 
page 232, the heat from the combustion of coal 

= 26,450,000 B T U = 100%, and the heat ab- 
sorbed by boiler and economizer, 8,798,328 + 
1,178,998 = 9,977,326 B T U = 37.7%. 

The first test with waste gas boilers published 
comes then, with 37.7%, very near to the calcu- 
lated 45.5% of the heat units supplied to the pro- 
cess by the combustion of the coal. 


8,018 
Figuring a barrel of cement at 380 lbs, ———— 
380 
9,977,326 
== 21.1 barrels of cement, or 1 barrel = 
21.1 


= 472,900 BT U. 
42.2900 x 0.252 — 118,944 calories. 
The heat units derived from the coal per barrel 
26,450,000 
are —————— = _ 1,253,000 BT U = 315,756 cal- 
21.1 
ories. 


THE CONVENTION OF THE CANADIAN SOCIETY OF 
CIVIL ENGINEERS. 


The accompanying group photograph was taken 
in front of the house of the Canadian Society of 
Civil Engineers, at 877 Dorchester St., Montreal, 
during the recent annual convention of the 


TANK LOCOMOTIVES FOR SUBURBAN SERVICE 0: 
AMERICAN RAILWAYS. 


For many years it was the common custom 
American railway managers to use for hau) 
suburban trains any old locomotives which had 
come outclassed for regular passenger service, | 
were still safe to run. The growth of subu;: 
traffic, however, has compelled a change in this 
spect on most roads. It has become necessar: 
haul very heavy trains and to make fast time 
withstanding frequent stops. This means 
trains must be rapidly accelerated, and to do 
without slipping the driving wheels means ° 
weight must be concentrated there. This has | 
the recent trial by several railways of tank | 
motives for suburban traffic, and this depa: 
has been facilitated by the fact that most « 
urban runs are so short that a moderate 
and coal space is sufficient to carry the en, 
through the run. 

In Europe the use of the tank locomotive 
always been greater than in this country, pur: 
for the reason that locomotive runs are gene; 
shorter and partly because smoother track 
easier curves has enabled lecomotives wit! 
leading trucks to be generally used. It is also 
fact, of course, that suburban traffic had de\.)- 
oped on a large scale there years before it i. 
assumed any considerable proportions here. 

In order to present a general summary con- 
cerning the use of tank locomotives for suburban 
service in this country, we have been at the pains 
to collect a considerable amount of information 
at first hand from a number of leading railways 
and present it as follows: 

CENTRAL R. R. OF NEW JERSEY.— 
This company has a _ considerable’ suburban 
traffic along its main line from New York 
City as far west as Bound Brook and 
Somerville, N. J. Most of the = suburban 
towns served are so far from the terminus 
that high-speed running is demanded. The com- 
pany has introduced tank engines of the Prairie 
type (2-6-2); they haul trains of 2 to 10 cars, the 
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MEMBERS OF THE CANADIAN SOCIETY OF 


CIVIL ENGINEERS IN FRONT OF THE SOCIETY'S 


HOUSE, MONTREAL, JAN. 25, 1905. 


Society. The photograph shows the front of the 
handsome premises secured by the Society in 
1900, and is interesting as showing also evidences 
of Canadian weather conditions, the thermometer 
registering 20° below zero at the time the photo- 
graph was taken. Those forming the group are 
chiefly members resident in Montreal and in the 
Province of Quebec. The members from Toronto 
were delayed by a storm, and had not arrived 
when the photograph was taken. 


weight per car varying from 55,000 to 62,000 Ibs. 
Eight-wheel (4-4-0) engines with tenders, and 
having cylinders 18 x 24 ins. and 19 x 26 ins. were 
formerly used in this service, but could not acc 1- 
erate the trains fast enough. The new engin s, 
Fig. 1, were built by the Baldwin Locomot::® 
Works in 1903, and run from Jersey City to Pe" 
Amboy, 21.1 miles, and to Somerville, 34.7 miles. 
The engines have tanks at the vides of the bo © 
and Mr. W. M. McIntogh, Superintendent of *- 
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tive | \wer, states that side tanks are preferred to 
rear onks on account of the shorter wheelbase 
and °e greater weight on the driving wheels. 
The ogines are very satisfactory from both a 
me nical and an operating standpoint, and in 
his inion tank engines are far superior to ten- 


Chicago and Aurora, 37.5 miles. They usually 
make 14 stops with the Riverside trains and 19 
stops with the Downer’s Grove trains. These 
trains have from two to six cars, the average 
weight of which is about 47,000 lbs. The engines 
were built at the company’s shops in 1899, and on 


i 
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FIG. 1. TANK LOCOMOTIVE FOR SUBURBAN SERVICE; CENTRAL RY. OF NEW JERSEY. 
W. M. McIntosh, Superintendent of Motive Power; Baldwin Locomotive Works, Philadelphia, Builders. 


der-engines for suburban traffic. The following 
is a summary of the service operated by these 
engines, and it will be seen that in one run of 21 
miles there arc 20 stops, requiring a very high 
speed between stops, although the average speed 
for the entire run is not high: 


Av. 
Dis- No. No. Time, speed, 
tance, ot of mins. miles 
miles. cars. stops. per hr. 
J, City to P. AMboy.. 21.1 2 9 45 28.0 
2 20 52 24.3 
P. Amboy to J. City.. aig 2 2 32 39.6 
2 11 42 30.0 
J. C. to Somerville... 34.7 6 12 69 80.2 
Somerville to J.C.... fe 6 18 8U 26.0 


CHICAGO & EASTERN ILLINOIS RY.—This 
road has had in its Chicago suburban service a 
number of tank engines (with rear tanks) of the 
2-6-6 class. Most of these were built by the Sche- 
nectady Locomotive Works in 1892 and 1893. 
Since the railway began using the new La Salle 
St. terminal station, however, a few months ago, 
it has given up most of its suburban and terminal 
business, and some of the engines have been 
leased to the Chicago Terminal Transfer Ry. The 
dimensions of these engines are given in Table I. 
The road has also used some smaller engines of the 
2-4-4 class, with cylinders 17 x 24 ins., a weight of 
61,700 Ibs. on the driving wheels and a tank ca- 
pacity of 1,990 gallons. The larger engines ran 
between Chicago and Crete, 30 miles, making 
eight stops, and having an average speed of 27 
miles per hour. They usually hauled two cars, 
with a total weight of 91,200 Ibs. 

‘CHICAGO, BURLINGTON & QUINCY RY.— 
This road operates much of its Chicago suburban 
service with tank engines (having rear tanks) of 
a reversed mogul type, 0-6-2, having six driving 
wheels under the boiler and cab, and a trailing 
pony truck. under the tank. These engines, one 
of which is shown in Fig. 2, were designed for 
suburban service between Chicago and Riverside, 
11.1 miles, and Downer’s Grove, 22.2 miles; they 
are also used somewhat less extensively between 


account of the comparatively short runs a large 
capacity of coal and water was not considered 
necessary. Until these engines were built, the 
suburban trains were operated by eight-wheel 
(4-4-0) engines with tenders, having a weight of 
55,000 Ibs. on the driving wheels. The tank en- 
gines, with %4,000 lbs. on the drivers, are con- 
sidered preferable. Mr. F. H. Clark, Superintend- 
ent of Motive Power, prefers the rear tank to the 
side tank, as it is more accessible and allows of 
boiler repairs being more easily made. 
CHICAGO, ROCK ISLAND & PACIFIC RY.— 
This railway has in service six tank engines (with 


trains are composed of three to eight cars weigh- 
ing about 60,000 Ibs. each. The run of 17 miles is 
made in 45 minutes, including all stops. The 
engines are satisfactory from an operating stand- 
point, as they do not require to be turned. They 
are also satisfactory from the mechanical stand- 
point, except that some trouble is experienced in 
maintaining the connections of the main frames 
with the extension carrying the tank. This, how- 
ever, is a detail easily provided for in a proper 
design. 

ILLINOIS CENTRAL RY.—Probably the most 
extensive use of tank engines in this country is 
in the Chicago suburban service of the Illinois 
Central Ry. This road now has 40 tank engines, 
which were built at the company's shops and by 
the Rogers and Schenectady locomotive works. 
They are all of the rear-tank class, and in some 
of them the tank has a water leg extending under 
the cab. The engines are of the following types: 


Class. No Class. No 
21 2—0—4 2 
2—4—6 10 4—t—4 7 


The tank engines are considered satisfactory, 
both mechanically and from an operating stand- 
point. They are approved for suburban service 
on account of being more compact and cheaper to 
operate and maintain than the tender engines. 
They are also approved for this class of service 
where engines are run without being turned, the 
men on the tank engines being well protected 
when the engine is running with tank ahead. 

For the following particulars as to the subur- 
ban service operated by these engines we are in- 
debted to Mr. W. Renshaw, Superintendent of 
Machinery. In regard to the average speeds given 
in the table, it may be noted that express trains 
make the run from Randolph St. to Hyde Park 
(6.57 miles) in 13 minutes, including one stop at 
Van Buren St. and one at the combination switch 


FIG. 2. TANK LOCOMOTIVE FOR SUBURBAN SERVICE; CHICAGO, BURLINGTON & QUINCY 


RY. 


F. H. Clark, Superintendent of Motive Power. 


rear tanks) of the 2-6-6 class, which were built 
by the Baldwin Locomotive Works in 1893. The 
principal runs are between Chicago and Blue 
Island, 17 miles; there are also a limited number 
of trains between Chicago and Joliet, 40.4 miles. 
The number of stops is from 18 to 20, and the 


just north of 12th St. The rate of speed, includ- 
ing these two stops, is 30.2 miles per hour, while 
the rate between Van Buren St. and Hyde Park 
(5.74 miles), including the stop at the switch, ts 
31.4 miles per hour. This means that the train 


must attain a speed of 55 to 57 miles per hour for 


TABLE I.—TANK LOCOMOTIVES FOR SUBURBAN TRAFFIC ON AMERICAN RAILWAYS. 


Railway. r Cen. Ry. N. J. 
2—6—2 
Driving wheels......... Fisendwcaksevnens 5 ft. 3 ins. 
Front truck 8 ft. 
Wheelbase, driving...................-- 14 ft. 
Wheelbase, total. .............cccccceces 31 ft. 8 ins. 
Weight on front truck.................- 21,900 Ibs. 
Weight on rear truck.............+++++- 39,000 Ibs. 
Boiler, diameter... 4 ft. 10% ins. 
249 
Heat. surface; tubes.................-- 1,695 sq. ft. 
Water, gallons...... J 
Practive power............. 22,700 Ibs. 


C. & E. Il. 


b ILL. Cen. Long Id N. ¥. Cen Phila. & Read. 
2—6—6 —6—2 2—6—6 2—4—6 2—6—2 2—6—6 3—~6—4 
Rear Rear Rear Rear Side Rear Rear. 
5 ft. 3 ins 4 ft. 9 ins 5 ft. 3% ins. 4 ft. 8% ins 6 ft. 3 ins 5 ft. 3 ins 5 ft. 1% ina. 
i 0 2 es es 2 ft. 6 ins. 2 ft. 9 ins. 8 ft. 2 ft. 6 ins 2 ft 6 ins. 
2 fr. 6 ins. ft. 2 ft. 9 ins. 2 ft. 9 ins. 8 ft. 2 ft. 6 ins. 2 ft. 6 ins. 
12 ft. 9 ins. 14 ft. 4 ins 13 ft. 4 ins. 6 ft. 10 ins. 14 ft. 15 ft. 12 ft. 6 ins. 
20 ft. 3 ins. 22 ft. 5 ins. 21 ft. 4 ins 32 ft. 7 ins 31 ft. 8 ins. 35 ft. 10 ins 30 ft. 9 ins. 
46 ft. 1145 ins. 37 ft. 10 ins. 49 ft. 7 ins. 
95,000 Ibs. 94,000 Ibs. 107,000 Ibs. 72,000 Ibs. 130,365 Ibe. 128,000 Ibs, 120,860 Ibs. 
19,700 Ibs. 17,500 Ibs. 23,910 Ibs. 24,000 Ibs. 19,12 Ibs, 
62.000 Ibs. 19,000 Ibs. 68,000 Ibs. 76,500 Ibs. 84,540 lbs. 64,000 Ibs. 61,720 Ibs. 
171,000 Ibs. 113,000 Ibs. 194,700 Lbs. 166,000 Ibs. 188,815 Ibs, 216,000 Ibs. 201,700 Ibs. 
18x24 ins. 17x22 ins. 18x24 ins. 17x24 ins 18x26 ins. 20x24 ins. 20x24 ins. 
Slide Slide Slide Slide Slide Piston Slide 
4 ft. 8 ins. 4 ft. 3\ ins 4 ft. 10 ins. 4 ft. 9 ins 5 5 ft. 9 ins. 5 ft. 6 ins. 
150 Ibs. ) Ibs. 160 Ibs. 150 Ibs. 200 Ibs. 200 Ibs. 200 Iba. 
90x42 ins. 72x42 ins. 10134x33 ins. 95j4x34% ins. ...... 925¢x88% ins. 105x94 Ins. 
247 194 240 200 249 365 447 
2 ins. 2 ins. 2 ins. * 2ins. 2 ins. 2 ins. 1% ina 
11 ft. 11 ft. 11 ft. 1 in. 10 ft. 10 ins. 13 ft. 12 ft. 9 ft. 
1,360 sq. ft. 980 aq. ft. 1,226 sq. ft. 1,134.40 aq. ft. 1,684.0 aq. ft. 2,275.0 aq. ft. 1,825.5 aq. ft. 
1.484 aq. ft. 1,064 sq. ft. 1,384 sq. ft. 1,250.83 sq. ft. 1,821.4 sq. ft. 2,458.0 sq. ft 1,981.8 aq. ft. 
26.2 sq. ft. 21 8q. ft. 23.26 sq. ft. 23.00 aq. ft. 54.5 sq. ft 56.6 aq. ft 68.5 aq. ft. 
2,450 1,650 2,600 2.500 2,400 3,700 8,000 
5 2% 6 5 5 3% 


c., RB. 1 & P. 
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FIG. 3. TANK LOCOMOTIVE FOR SUBURBAN SERVICE; ILLINOIS CENTRAL RY. 


W. Renshaw, Superintendent of Machinery; Rogers Locomotive Works, Paterson, N. J., Builders. 


a large part of the distance in order to maintain 
the schedule time. This speed is frequently ex- 
ceeded when an engineman wishes to make up 
time. The express and local trains on ail the 
five runs have from four to six cars and weigh 
84 to 126 tons, except that on the Woodlawn run 
the local trains have three to four cars and weigh 
84 to 150 tons. 


Suburban Service with Tank Locomotives: Illinois 
Central Railway. 
A B 6 D E 
Floss- Blue So. Wood- Gad, 
Run: Chicago to... { moor. Id. Chicago. lawn. Cross’g 
24.92 18.94 12.91 7.90 9.48 
Stops, express train 19 23 14 5 9 
local train... 31 34 24 15 19 
Av. speed, includ. stops : 
Express trains.. 26 21 22 28.6 26 
Local trains..... 21 18 17 17 16 


This road has been using double-end tank en- 
gines (with rear tanks) in the Chicago suburban 
service for 24 years, the first engines (with cylin- 
ders 15 x 22 ins.) having been received in 1880. 
The double-end type was preferred, as there was 
no means of turning the engines at the outside 
points of the trips. Tank engines were also con- 
sidered preferable to the ordinary engines on ac- 
count of the tank being considerably shorter and 
the coal space being shut off from the cab. The 
first engines, above noted, were of the 2-4-4 type, 
designed by Mr. Wm. Hudson, and built by the 
Rogers Locomotive Works; they had cylinders 
15 x 22 ins.; driving wheels 56% ins. diameter; 
wheelbase, 42 ft. 1 in.; weight, 59 tons, with 28 
tons on the driving wheels. Engines built by the 
same works in 1893 were of the 2-6-4 type: cylin- 
ders, 18 x 22 ins.; driving wheels, 56% ins.; driv- 
ing wheelbase, 13 ft.; total wheelbase, 33 ft. 5 ins.; 
they weighed 80 tons, with 46 tons on the driving 
wheels. The dimensions of the latest engines 
(one of which is shown in Fig. 3) are given: in 
Table No. 1, and these were also built by the 
Rogers Locomotive Works. 

LONG ISLAND RY.—This road has used tank 
engines of different types for its suburban traffic, 
including side-tank and rear-tank engines. It 
also had at one time some 2-4-6 engines with rear 
tanks and the Mason-Fairlie steam truck. The 
latest engines for the heavy suburban traffic are 
some side-tank engines of the Prairie or 2-6-2 
type, built by the Baldwin Locomotive Works in 


1904. From each tank a pipe leads to a well in 
the coal bunker, so that the water in the two 
tanks is equalized and at water stations the water 
is delivered to the well. While the load on the 
driving wheels varies, of course, with the amount 
of water in the tanks, the minimum weight is 
ample for the service required, and the minimum 
ratio of tractive effort to adhesion weight is 1 to 
4.5. The maximum tractive effort is 22,800 Ibs. 
The rear truck is of the type designed by the 
builders for the modern classes of engines having 
trailing wheels behind the drivers, but where it 
is desired to keep the rigid wheelbase as short as 


verted into tender engines, and probably eig} 
more will be similarly converted, the remaind 
being kept in use on runs to points where the: 
are no turntables, 


In changing the engines, the tanks and re. 
trucks are removed, converting the engines to : 
mogul type (2-6-0), with standard tenders 
tached. 

These tank engines (2-6-6 class) are in use j, 
tween New York and Croton (34.42 miles) 
New York and Yonkers (15.22 miles) on the Hy, 
son Division, and between New York and W), 
Plains (22.4 miles) on the Harlem Division. ‘1 
trains have from three to eight cars, the lig! 
cars on the Harlem Division weighing about 35 :; 
lbs., while the new 60-ft. cars on the Hud: 
Division weigh about 85,700 Ibs. With trai 
making 22 stops between New York and Crot 
the average speed is 27.3 miles per hour, inclu 
ing stops. ; 

Mr. F. M. Whyte, General Mechanical Engine: : 
states that the tank engines are satisfactory fro) 
a mechanical standpoint, but that the enginem: 
do not like them, preferring to run engines hen) 
first all the time on account of the dust blowin: 
into the cab when running backward. It wa 
found that the men were having the tank engine: 
turned whenever possible, and also that it wa 
just as convenient to head the engine in the di- 
rection of movement, so that this has usually 
been done, except at Yonkers. The water capa- 
city of the tanks is not sufficient for winter re- 
quirements for the runs between New York and 


FIG. 4. TANK LOCOMOTIVE FOR SUBURBAN SERVICE; NEW YORK CENTRAL RY. 
J. F. Deems, General Superintendent of Motive Power; American Locomotive Co., New York 
(Schenectady Works), Builders. 


possible. The truck, as applied to these suburban 
tank engines, has a swing of 5 ins. to each side of 
the normal central position. These engines have 
to pass curves of 108 ft. radius. 

NEW YORK CENTRAL RY.—This road is us- 
ing tank engines of the 2-4-4 and 2-6-6 classes, 
all with rear tanks. There are seven of the for- 
mer class, which were built in 1888 and 1892, and 
these are in use on the New York and Putnam 
division between 155th St. (connecting with the 
elevated railway) and Yonkers, 8.1 miles. In 1901 
and 1902, there were 16 of the larger engines, 
Fig. 4, built by the Schenectady Locomotive 
Works. Two of these, however, have been con- 


pee 


FIG. 5. TANK LOCOMOTIVE FOR SUBURBAN SERVICE; PHILADELPHIA & READING RY. 
H. D. Taylor, Superintendent of Motive Power & Rolling Equipment; Baldwin Locomotive Works, 
Philadelphia, Builders. 


Croton, so that it is necessary to take water at 
an intermediate station. This is objectionable, 
and therefore regular tenders are placed behind 
the engines on both divisions, except those run- 
ning to Yonkers, at which place it is not con- 
venient to turn the engines. With the rear tanks 
it was necessary to make the tank short 
so as to keep the length of the engine 
within certain limits, and the height and width 
of tank were also limited. With the standard ten- 
der behind these engines they are more generally 
available, instead of being restricted to certain 
service. ‘The tank engines were originally intro- 
duced to give greater power and more rapid accel- 
eration than the eight-wheel engines with tenders 
formerly used. These latter had cylinders 18% x 
22 ins.; 64-in. driving wheels, and carried a weight 
of 77,000 Ibs. on the drivers. 


NEW YORK, NEW HAVEN & HARTFORD 
RY.—tThis road operates its suburban service at 
New York and Boston with various sizes of eight- 
wheel (4-4-0) tender engines and Forney tank 
engines (0-4-4). It has now 30 tank engines of 
the 0-4-2 class and four of the 2-4-2 class, all 
with rear tanks. The engines are considered sat- 
isfactory from the mechanical and the operating 
points of view, and Mr. F. N. Hibbits, Mechan- 
ical Superintendent, prefers tank engines where 
the length of run is such as to permit of their use. 
At Boston, the run is 12.13 miles, with 13 sta- 
tions and a running time of 35 minutes. The 
trains consist of four cars, and weigh about 140 
tons. 

PHILADELPHIA & READING’ RY.—In 1892. 
this read put in service a Vauclain four-cylinder 


| 
68 
| 
| 


Fe) uary 16, 1905. 


ENGINEERING NEWS. 


169 


comp d tank engine (with rear tank), having 
a W ten firebox and carrying 2,000 gal- 
lons water. It was of the 2-6-6 class, with 
eylin’ § 12 and 20 ins. diameter, 24 ins. stroke; 
arivi. Wheels, 61% ins. diameter; 11-ft. driving 
whee se and 35-ft. total wheelbase. The weight 


was tons, with 45% tons on the driving wheels. 
In 1, tank engines (with rear tanks) of the 
2.6 lass were introduced for operating the 
hea Philadelphia suburban:traffic of the Ger- 
ma -n and Chestnut Hill lines. These engines, 
Fiz were built by the Baldwin Locomotive 
Wo One reason for adopting tank locomotives 
inst. 1 of tender locomotives was the quicker 
han. og of the engines at the Philadelphia termi- 
nal here there is a great congestion of traffic), 
as | cir use avoids the switching movements 
nece--ary to get an engine to and from the turn- 
tabl: A powerful but flexible engine was re- 
quired, with good acceleration, as there are nu- 


merous sharp curves and heavy grades, and there 
are ‘cn stops in the first ten miles. The engines 
are lesigned to haul trains of six cars, One of 
the tank engines of the Central R. R. of New 
Jersey (already described) was experimented with 
on the line in question, and as a result a special 
type of engine was designed. On account of the 
sharp curves, the front truck is given a swing 
of 7 ins. to each side of its normal central posi- 


EFFECT OF LOAD FACTOR ON COST OF ELECTRIC 
POWER.* 


By E. M. Archibald. 


The great desideratum for an electrical system is a high 
load factor with consequent greatest return on invest- 
ment, load factor being the ratio of average to maximum 
load. All the factors of expense included in cost of 
power to the consumer are then operating at maximum 
economy, and cost of power is at a minimum. 

The lighting of residences and offices produces a peak in 
the late afternoon and evening, with but little load the 
remainder of the twenty-four hours; consequently the 
average load on the plant with lighting only is very small 
and the load factor low. A commercial motor load in 
connection with lighting will increase the average load 
even though causing a greater peak. The addition of a 
street railway load still further increases the day load, but 
in consequence of the heavy demand load during the rush 
hours, when the public is going to and from business, 
which occurs at the peak of the lighting load, the peak 
load on the plant is greatly increased. This heavy peak, 
with but a small average load over the twenty-four hours, 
produces a low load factor, and a portion of the machinery 
being shut down the greater part of the time, higher rates 
must be paid by the consumer to secure a certain return 
on first investment than when the load factor is higher. 

Evidently, when the load factor is 100%, that is when 
the load is constant throughout the twenty-four hours, 
and all the machinery is in continuous operation, the cost 
of power per KW.-hr. is a minimum, and the greatest 
return on investment is realized. Customers having a 
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sideration the effect of the load factor on the actual cost 
of production of energy. 

The higher the load factor, the greater is the amount of 
power produced, the longer does the apparatus operate 
most efficiently, the lower the ratio of fixed charges to 
total operating expenses and consequently the lower the 
cost of power per unit. 

To determine exactly in what proportion the cost of 
power is decreased, it will be necessary to assume a plant, 
determine the fixed and variable charges and thereby the 
cost per KW.-hr. at various factors. 

Let us take for example a plant with a peak load of 
750 KW. Allow three units of 300 KW. capacity each, so 
that in case of breakdown of one, the other two may 
take care of the peak with an overload of 25% on each 
and sufficient boiler capacity for the same contingency. 
No provision is allowed for stokers, coal handling ap- 
paratus or economizers. Plant assumed to be on the 
water front, providing sufficient water for condensing 
purposes. 

Curves are plotted for this plant and also for a second 
plant of the same capacity as the first, but operating 
non-condensing. In both cases cither water or railroad 
connections are assumed with convenient facilities for 
coal handling and removal of ashes. 

FIRST COST OF PLANT COMPLETE: 

Condensing, $118,425.00; equivalent to $131.60 per KW 
Non-condensing, $114,625.00; equivalent to $127.40 per 


FIXED CHARGES. Condensing. Non-Condens 


Interest at 5% .. ++ $5,921 25 
Taxes and insurance at 2% 2,368.50 
7,710.00 


Depreciation machinery 10° 
Building 3% .. «+ «+ 


1,122.00 1,134.00 


Total .. .< cc cece ce ee $19,12L75 $16,462.75 
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Fig. 1. Operating Cost, Engines Con- Fig. 2. Operating Cost, Engines Non- 


densing. 


i-* FIGS. 1-4. OPERATING COST 


tion. The firebox is of the Wootten type. The 
road has had ten of these new tank engines in 
suburban service for a little more than a year, 
and Mr. H. D. Taylor, Superintendent of Motive 
Power and Rolling Equipment, states that their 
use is still an open question and that he is not yet 
prepared to furnish information as to their per- 
formance. 

OTHER RAILWAYS.—Of other railways oper- 
ating suburban service, Mr. T. S. Lloyd, Superin- 
tendent of Motive Power and Equipment of the 
Delaware, Lackawanna & Western Ry., reports 
that when suburban engines are ordered they wil! 
be the same as the standard passenger engines. 
The Pennsylvania Ry. reports that it does not 
use locomotives specially designed for suburban 
service, but uses locomotives that are inter- 
changeable with those in through service. Mr. 
T. N. Ely, Chief of Motive Power, states, how- 
ever, that in the future the JjJemands of the 
suburban traffic may be such that a class of loco- 
motives designed for that particular service can 
be used to advantage. The Chicago & Northwest- 
ern Ry. has no special suburban engines, but uses 
ordinary eight-wheel (4-4-0) tender engines. These 
have cylinders 18 x 24 ins., driving wheels, 63 ins. 
sjameter, and weigh 45 tons, with 29 tons on the 
drivers. As to the merits of tank engines, how- 
ever, Mr. Robert Quayle, Superintendent of Mo- 
tive Power and Machinery, states as follows: 

There is not any question in my mind but that the 
regular suburban type of locomotive known as the tank 
locomotive is the proper type of locomotive. We get the 
adhesion, and can have, of course, large cylinder power to 
ect the train in motion quickly. Our engines are not of 
that type, but I would much prefer to have them. I have 
rn) doubt that if the Chicago & Northwestern Ry. will 

(inue to maintain its suburban service it means that it 
wil at no distant time either get an engine of modern 
‘ype for suburban service or else resort to electric power. 
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Fig. 3. Variation of Components of Fig. 4. Variation of Components of 
Operating Cost with Load Factor; 


Operating Cost with Load Factor; 
Engines Non-Condensing. 


FOR VARYING LOAD FACTORS; 900-KW. STEAM PLANT (PEAK LOAD 750 KW). 


steady load or with high average load are greatly desired 
and may be offered much better rates than all others. 
It will be the endeavor of this paper to determine the de- 
creased cost of power with increasing load factor. 

The storage battery is evidently a means in the hands 
of the power producing company of increasing the aver- 
age load on the machinery. By charging the battery 
during light load and discharging during periods of heavy 
load, a more constant load on the generating apparatus 
is produced, with consequent better efficiency, and at the 
same time acting as a reserve in case of accident in the 
power plant. Unfortunately the battery is expensive, and 
a loss occurs in its operation which greatly reduces the 
higher efficiency secured by the increased load factor. The 
great benefits obtained by its use are reserve capacity and 
voltage regulation, enabling the use of more efficient 
lamps. The storage battery, however, has not been con- 
sidered in what follows, even where it might be desirable, 
but rather a plant is assumed of certain maximum ca- 
pacity for the peak load, and we are to determine what 
effect various load factors have on the cost of power pro- 
duced. 


The various expenses involved in the cost of power to 
the consumer are as follows: (1) Management; (2) Distri- 
bution; (3) Production. For a given system with given peak 
load the cost of management is practically constant, no 
matter what the load factor. The cost of distribution is 
constant with various load factors in so far as the fixed 
charges and maintenance is concerned. The losses in 
distribution, however, vary, these consisting of losses in 
lines, transformers if alternating current is used, me- 
ters, losses in grounds, and losses from theft of current; 
all decrease the output and accordingly increase the cost 
to the consumer. While it is possible to determine fairly 
accurately the losses in lines, transformers and meters 
with varying load factors, the losses from grounds and 
theft are indeterminate and require constant attention to 
keep them within certain limits. Yet as a rule these 
latter will become a smaller percentage of the total output 
the higher the load factor. There yet remains for con- 


*A paper read before the Canadian Society of Civil En- 
pincers at its annual meeting, Montreal, P. Q., Jan 26, 


The above first cost being for 100% load factor, there 
will be a varying reduction due to the decreased boiler 
capacity required on lower load factors. A point is 
reached below which it is not advisable to further de- 
crease the boiler capacity as the peak load must be taken 
care of and sufficient reserve provided for accidents and 
repairs; this point being taken in this case at 40% load 
factor. The effect of this reduction is to diminish the 
fixed charges at 40% load factor by $1,000.00 per year, or 
about 6% of the total. From these figures the lower line 
in Figs. 1 and 2 is plotted; it indicates the effect of fixed 
charges on the cost of power. 

The remaining items of expense are what are generally 
termed operating charges and are variable with load 
factor. These consist of (1) Labor, oil and waste, supplies, 
water and repairs; (2) Fuel. 

The cost of labor varies to a certain extent with load 
factor, but a minimum number of men required to operate 
the plant is reached at about 40% load factor, below 
which this item remains constant. The cost of oll and 
waste, supplies, water and repairs varies almost directly 
with load factor as the greater number of hours per day 
that the machinery remains in service, the greater do 
these expenses become, and vice versa. The second line in 
Figs. 1 and 2 is for these charges reduced to the KW.-hr. 
basis, added to the fixed charges curve; the difference 
between the two curves therefore represents the cost of 
labor, oil and waste, supplies, water and repairs. 

The cost of fuel, usually coal, per unit of power gen- 
erated, varies with some power of the load factor, less 
than one, depending upon the number and efficiency of 
units employed both in the engine and boiler rooma, also 
upon the cost per ton of coal, its heating value, and upon 
the ability of the firemen to get the best results; it is of 
the utmost importance to watch this item carefully, as 
greater economy can be secured in the cost of coal than 
in any other item of expense. The calorific value of the 
coal should be tested from time to time and compared 
with the coal-rate. 

The coal considered is assumed to contain 12,000 B.T.U. 
per Ib., and two curves are plotted in Figs. 1 and 2 
when the cost is $2.00 and $3.00 per ton respectively, 
the results being added to the two previous curves plotted, 
These figures of fuel cost per KW.-hr, are above the aver- 
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age usually obtained and can only be secured by constant 
attention in the boiler room; for instance at 40% load 
factor in the first case one kilowatt-hour is generated 
from 3.5 Ibs. of coal from the pile. 

The ratio of the individual items of expense to total 
operating expense is shown by Figs. 3 and 4 for the con- 
densing and non-condensing plants respectively with coal 
at $3.00 per ton delivered. It is interesting in this con- 
nection to note the high percentage of fuel cost; in the 
average plant this percentage will be stjll higher than 
that shown, but this indicates how great a factor is 
the cost of fuel particularly with high load factors. For low 
load factor the fuel is subordinated by the fixed charges, 
which is by far the heaviest item. 

Having thus determined the cost of power for a plant 
with a peak of 750 KW., we shall consider briefly a 
larger “lant and ascertain what extra economies may be 
secured. This plant we shall assume to have a peak load 
of 1,500 KW., and a maximum capacity of 1,800 KW., 
divided into three units of 600 KW. each. Stokers are 
used. but no economizers or coal handling apparatus; the 
bellers are in a single line parallel to the engine room, 
and coal is dumped from the car into a chute, whence it 
falls to the floor of the boiler room. 

First cost of this plant at 100% load factor is $241,- 


total percentage loss will be constant. Further, this lost 
power reduces the amount of sales, therefore affecting 
all the expenses included in cost to customer. 

Fig. 7 shows a series of curves plotted for the 1,800 
KW. steam plant, the lower line representing cost of 
production; the second, cost of distribution; third, cost of 
management, and fourth the effect of distribution losses 
on cost of power, this last being the final cost to con- 
sumer. 

Coal is expensive, and from the nature of things will 
increase in price, and it behooves us to investigate any 
methods of producing power which is more economical in 
the use of fuel than the steam engine, and naturally 
turning to the gas engine we will next proceed to make a 
comparison between a steam plant and a gas plant gen- 
erating producer gas for use in gas engines, and from 
such comparison deduce some general results. 

As is well known the gas engine has a very much higher 
thermal efficiency than the steam engine, which fact, to- 
gether with the fewer number of auxiliaries required, 
would naturally lead one to suppose that a greater econ- 
omy could be secured in the production of power. 

Difficulties, however, are encountered at the outset in 
the kind of fuel that may be used successfully in the 
gas producer. While the gas generated from anthracite 


for reserve, it is more advisable to use the same numb: 
of producers for all load factors and a smal! amount . 
storage for uniformity of gas and sudden peaks. Further 
the extra storage capacity required for sma}| load factor 
costs about the same as an extra producer. 

The operating costs for oil, water, repairs, supplies a: 
water have been taken practically the same as, for steam 
as there are not sufficient reliable data at hand on +) 
subject at the present time. Cost of labor is somewh 
cheaper—for the type of producers considered only o 
man is actually required. c 

In Fig. 8 are given curves for cost of power with vary 
ing load factor for this 900 KW. gas plant. A compa: 
son of Figs. 1, 2, and 8 shows a greater economy ine t 
gas plant at the higher load factors, but poorer econo 
at low load factors due to the influence of the hea 
fixed charges. The higher the cost of coal the greater 
the economy of the gas over the steam plant at high | 
factors. 

It must be remembered that the fuel economy in | 
case of the steam plants is taken considerably higher 1} 
the average and can only be secured by constant a 
careful attention to all the details around a power pla: 
in the gas plant the fuel at 50% load factor is taken 
1.4 lbs. coal per B.HP.-hr.; which is somewhat higher th 


125.00, equivalent to $134.00 per KW. Fixed charges, coal is very successful in the operation of gas engines, the manufacturers will guarantee. No matter how the fu 
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FIGS. 5 AND 6. OPERATING COST FOR VARYING LOAD FACTORS; 1,800-KW. 


STEAM PLANT (PEAK LOAD 1,500 KW). ENGINES CONDENSING. 


using the same per cent. for interest, depreciation, taxes 
and insurance as in the previous case, become $36,318.75 
per year. Curves are plotted in Fig. 5 for fixed charges, 
labor, supplies and repairs, and fuel, the latter being 
plotted for the two prices $2.00 and $3.00 per ton as 
before. 

With all these curves before us it might be well to 
make some deductions as to the advisability of further 
expenditures in the power plant in coal handling appara- 
tus and economizers, or in general, any apparatus that 
tends to increase the economy. 

The higher the load factor the greater becomes the 
ratio of variable to fixed charges, and extra investment 
is advisable to secure the greatest economy possible. 
Extra investment in coal handling apparatus and econ- 
omizers will reduce the cost of labor and fuel in greater 
proportion than fixed charges are increased; the econ- 
omizers also provides greater boiler capacity and purer 
feed water, reducing cost of repairs. On the contrary 
when the load factor on a system is low, the fixed charges 
are the governing factor in the cost of power, and extra 
expenditures must be carefully considered, particularly 
so if fuel is cheap. 

Having thus discussed the effect of load facfor on the 
cost of producing power, we shall next turn to the cost 
of management and distribution. While it is beyond the 
scope of this paper to fully consider these costs, yet it 
was thought advisable to indicate by a curve including 
all the various costs approximately, how the load fac- 
tor influences the cost to the consumer. This is done very 
generally, as no two cases are alike; the cost of distribu- 
tion is more variable with different systems than is the 
coct of power, depending on the conditions of distribution, 
conduit or pole line construction, and the extent and 
density of the territory to be covered. 

We shall allow that $50,000 per year covers all fixed 
charges, maintenance and attendance on the distributing 
net work; $35,000 per year for management, dividends on 
stock and miscellaneous expenses. For total losses 30% 
of the output is allowed; this is taken constant for all load 
factors, for while the percentage of known losses varies 
directly with load factor, the percentage of indeterminate 
losses by grounds and theft varies inversely as the load 
factor. The actual losses from grounds are constant, 
hence percentage loss by grounds varies inversely as load 
factor; losses from theft usually ocecur with customers 
having a short hour load, and the greater the amount of 
such load connected, the greater this loss. A customer 
having a long hour load runs a greater chance of detection 
than others. Hence, the above statement holds that the 


the gas from bituminous coal contains tar which, when 
carried through the valves into the cylinders of the en- 
gine, clogs the valves.and carbonizes under the intense 
heat to which it is subjected in the cylinder, preventing 
successful operation. Some manufacturers claim to have 
succeeded in removing the tar or preventing its forma- 
tion, but the burden of proof still rests with them. 

The overload rating of the gas engine is different from 
the steam engine in the ratio of about 15 to 50%. Hence 
jn designing two plants, steam and gas, for equal overload 
capacities, it is necessary either to use gas engines of 25 
to 35% higher normal rating, with consequent poorer 
economy at normal load; or add an extra engine and 
generator sufficient to take care of the extra overload 
capacity of the steam engine over the gas engine. For 


example, in designing a gas plant of 900 KW. capacity 


with a peak load of 750 KW., allowing the same reserve 
as in the steam plant considered previously, three engines 
of 530 B.HP. each will be required with -an aggregate 
normal B.HP. of 1,590 and maximum B.HP. of 1,830, as 
compared with three 450 I.HP. equivalent to 410 B.HP. 
engines aggregating 1,230 normal B.HP. and 1,840 maxi- 
mum B.HP.; or three gas engines of 410 B.HP. each and 
an additional engine of 360 B.HP. aggregating 1,830 
B.HP. on maximum load (from a practical standpoint, 
this additional engine would be made of the same capac- 
ity as the rest, the cost being the same). In the first 
case at normal load on the generators the engines are 
30% underloaded with consequent poor efficiency; in 
the second case the first cost will be greater, due to the 
extra generator and increased size of building required. 

Allowing the same reserve capacity in producers, and 
with three 530 B.HP. gas engines direct connected to 
300 KW. generators running at 100 r.p.m. the first cost 
becomes $167,650.00, equivalent to $186.00 per KW. 
Fixed charges: 


Interest at 5% on $167,650 .. .. ........ $ 8,382.50 
Depreciation on machinery 10% .. ...... 13,340.00 
Depreciation on buildings 3% .. .. ...... 1,005.00 
Taxes and Insurance 2% .. .. .. .. .. «. 3,353.00 


The storage capacity at 100% load factor is small, about 
20,000 cu. ft., and is provided more for uniformity of 
gas than for storage. Im case of accident to one pro- 
ducer, a second may be under way producing gas inside 
half an hour. The question of storage is important, par- 
ticularly at small load factors when storage may be pro- 
vided for the peak and a constant load maintained on the 
producers. In a plant of this size where the number of 
producers actually required is not over two with a third 


Fig. 7. Analysis of Cost of Electric Fig. 8. Operating Cost for Varying 
Power Delivered to Consumer. 


Load Factors; 900-KW. Producer 
Gas Plant (Peak Load 750 KW). 


costs may vary from those given in these curves, they are 
relatively of far greater importance when the load factor 
is high than when it is low. 


COMPUTATION OF STRESSES IN THE BLACK- 
WELL’S ISLAND BRIDGE.* 


By R. C. Strachan,+ 


The computation of the stresses in the trusses of the 
Blackwell's Island Bridget over the Bast River at New 
York City presents a number of unusual features, and 
the following outline of this part of the design of the 
structure has been prepared in the belief that a discus- 
sion of the principles applied and of the methods employed 
in the solution of the problem may be of interest. The 
calculations were made by the writer for the Department 
of Bridges of the City of New York during the years 1902 
and 1908, and have more recently been revised to con- 
form to altered data. 

As a preliminary, it will be well to state that, of the 
earlier great cantilever bridges, that over the Niagara 
(1883) has a main span of 495 ft.; the Poughkeepsie Bridge 
(1887) has three cantilever spans, of which the longest is 
550 ft.; the Lachine Cantilever (1887) has two spans of 
408 ft.; the Red Rock Cantilever, over the Colorado (1891), 
has a span of 660 ft., and of the four spans of the Mem- 
phis Bridge, over the Mississippi (1892), the longest is 
790 ft. The 1,710-ft. span of the Forth Bridge, in Scot- 
land, and the 1,800-ft. span of the Quebec Bridge over the 
St. Lawrence, now building, are the only ones of this 
type within the writer’s knowledge which exceed in length 
the West Channel span of the Blackwell's Island Bridge. 

The magnitude of individual parts is made clearer by a 
few comparisons: A substantial highway bridge, 150 ft. 
long, designed to carry a live load of 1,000 Ibs. per ft., 
and having a roadway 16/ft. wide, will require about 30 
tons of steel in its construction; while a single-track truss 
bridge 100 ft. long. designed to carry two locomotives of 
177% tons each, followed by a train weighing 5,000 Ibs. 
per ft., will require about 70 tons. One of the floor-beams 
of the Blackwell's Island Bridge will weigh 16 tons, one 
of the main vertical posts 56 tons, and a panel-length of 
bottom chord near one of the piers 74 tons. 

The bridge (shown in outline in Fig. 1 herewith) consists 


THE 


*A paper read before the Brooklyn Engineers’ Club, 
Jan. 9, 1905. 

+Asst. Engr., Department of Bridges, New York City. 

tSee Engineering News of Sept. 3, 1903, pp. 206 to 210, 
for extracts from the contract drawings ay specifications 
for this structure. 
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of five sm namely: Manhattan (west) Anchor span, 
40.5 tt annel span, west of Blackwell’s Island, 
nd span, 630 ft.; Channel span east of Black- 


ee 984 ft.; Queens Anchor span, 459 ft.; mak- 
wells ngth of 3,724.5 ft. The floor is double deck, 
yt om the upper two elevated railroad tracks, so 
yee leave room for two more, to be built in future, 
a tw romenades of 11 ft. clear width each. The 
lower rries a roadway 36 ft. wide, and four surface 
railroa ks, two inside the trusses, and two outside on 
brack aking the extreme width of the bridge 86 ft., 
except e piers. The trusses are two in number, 60 ft. 
center ' nter, with depth varying from 185 ft. at the 
towers ‘0 #9 ft. at mid-channel, and 48 ft. at portals; the 
clear it above mean high water in either channel 
peing ft., as required by the War Department. The 
truss { 61 panels, each subdivided by a system of 
secon members into two semi-panels, the lengths of 


which ‘ory from 20 ft. 6 ins. to 40 ft., and both upper 
and lower floor-stringers span one semi-panel from beam 
to beam. The system of designating panel points is shown 
in Fig. ~- 

The ple span suspended between the separated canti- 
lover arms, a usual feature in this type of bridge, is not 


isions 2 and 7, for example), and nowhere else, is practi- 
cally out of the question, as is the assumption of live load 
covering any short isolated portion of the bridge. 

Stresses for seven positions of live load were therefore 
calculated, the load in each case covering one of the seven 
subdivisions; and the maxima, both tensile and compres- 
sive, obtained by combining these for a continuous load 
extending over one or more subdivisions are the govern- 
ing stresses for the main members of the truss. 

In the absence of any similar truss with which to com- 
pare, weights were obtained by successive approximation, 
after the study of a sufficient number of members of each 
class had made possible a reliable estimate of the per- 
centages for details. Those stresses, due to either dead 
or live load, which are unaffected by the action of the 
rockers, were obtained graphically and checked by ana- 
lytical methods, more especially to detect errors in scal- 
ing, since the proper closing of the graphic diagrams 
constitutes a check upon the graphical work itself. The 
results of the action of the rockers were ascertained 
analytically. 

Since the latter are dependent upon deflections, we must, 
in order to proceed, have an approximation to the sec- 
tional area of each truss member, although for the first 
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present in this design, but, instead, the cantilever arms 
are continued until they come together at the centers of 
the two channel spans. 

So far as concerns truss-action, the upper-chord mem- 
bers 25-27 and 91-93 andthe lower-chord members 37-39 
and 89-91 have no function, and the verticals or rockers 
at 27 and 91 serve to connect the cantilever arms. At 
these points and at the pier on the east side of Black- 
well’s Island provision is to be made for motion due to 
variation in temperature. 

For convenience, the subdivisions are designated by the 
numbers 1 to 7, as shown in Fig. 1, Divisions 1 and 2 
constituting the West Truss, Divisions 3, 4 and 5 the 
Middle Truss, and Divisions 6 and 7 the East Truss. 

The maximum possible live load was, in the first in- 
stance, estimated as follows: 

2 El. Ry. Trains @ 1,700 Ibs. per ft. 3,400 Ibs. per lin. ft. 
4 Lines of Surface Cars @ 1,000 Ibs. 


3550 “ 


Total on bridge ........... 12,600 

The maximum probable live load was estimated to be 
one-half of this, or 3,150 Ibs. per ft. per truss. The very 
remote possibility of a live load of 6,300 lbs. per ft. per 
truss was therefore provided for by proportioning main 
truss-members for stresses due to this loading at a rela- 
tively high unit stress, or for stresses due to 3,150 lbs. per 
ft. at a lower unit stress. Secondary truss-members are 
all designed for the greatest possible congestion in any 
single panel. 

The subsequent addition of two elevated railroad tracks, 
giving a total ‘‘congested’’ live load of 8,000 Ibs., or 
“working load’ of 4,000 Ibs. per ft. per truss, made 
necessary a revision of both dead and live load stresses; 
and the results herein given are based upon the latter 
load 

The connection of the cantilever arms at mid-channel 
calves a load on any subdivision of the bridge to produce 
Stresses in all the others; the effect, however, upon the 
East Truss of a load on the West Truss, or vice versa, is 
generally small, as will appear when the results are exam- 
ined. Moreover, the simultaneous and complete stoppage 
of all the many lines of traffic in such a way as to give 
full live load on two widely separated subdivisions (Div- 
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trial a more or less roughly estimated deflection must 
suffice. Assuming that the preliminary work has been 
performed, and that the tentative area for each member 
has been fixed, the true stresses are then to be found. The 
amount contributed to the dead load deflection by play 
in pin-holes is so small a proportion of the total, that it 
would not be affected even though an upward force re- 
duced that total by an amount equal to the entire live 
load deflection. Play in pin-holes is consequently elimi- 
nated as a factor, so far as live load truss-deflections are 
concerned.* 

If we assume the rockers to be removed, the West Truss, 
Middle Truss and East Truss become three separate stati- 
cally determinate structures, for which the stresses are 
readily found when the loading is known. Denote these 
by Ss. The replacing of the rockers causes a change in 
the amount of the deflection, and hence;. a positive or 
negative reaction at the end of the cantilever arm, the 
effect of which is to cause stresses, sometimes acting with, 
sometimes against Ss. Denote these by S, and the true 
stresses by S. Then 


S, may be of the same or opposite sign as compared 
with Ss. 


In fabrication, the geometrical length of each member is 
increased or diminished according to the character of its 


8, L 
dead load stress by an amount eee in inches; in 
which 


8S; = Dead Load Stress (rocker removed). 
L, = Length of member in inches. 
A = Section of member in sq. in. 


E = Modulus of elasticity = 29,000,000 Ibs. per sq. in. 


Further, by means of a device for raising or lowering 
the anchor end, the meeting cantilever ends during erec- 
tion will be adjusted to fit the length of the rocker, so 
that the latter will be under no stress from the action of 
dead load alone. Therefore, for dead load stresses, s,= 0, 
and hence the dead load stresses are statically deter- 
minate. Their computation presents no special difficulty, 
though the repeated corrections of truss weights and 
panel-concentrations, and the re-drawing of stress dia- 
grams, were somewhat tedious. 

*This is not strictly true, since revereal of stress in any 
member of the truss affects the rocker stresses. The 
effect is small if the members subject to reversal have a 
small value of u.—Ed. 


The chief theoretical interest attaches to the question 
of live load stresses.* 

The action of the rockers, which is analogous to that 
of the end supports in a draw span, may be more clearly 
apprehended if reference be made to Fig. 4. Let E B and 
AD represent the two cantilever-ends at the middle of one 
of the river spans, in the positions which they take when 
under dead load alone. The arms have been adjusted so 
that the distance A B equals the length of the rocker, 
which, if placed in position, would not now be subjected 
to any stress. Suppose that, with rocker removed, the 
live load covers both cantilevers. The load on the left 
arm would cause B to descend to B’, and that on the 
right would cause A to descend to A’; and since the 
two arms are not alike in all respects, the deflections 
A A’ and BB’ are unequal, hence A’ B’ may be more or 
less than A B, depending on the relative flexibility of the 
two arms. Let us assume that in the present instance 
BB’ > AA’, and hence A’ B’ DAB 

In order now to replace the rocker, thus reconnecting A’ 
and B’, these points must be brought closer together 
that is, A’ must be forced down and B’ forced up, until 
the distance between their positions, A’ and B’, is equal 
to AB (if we assume the rocker to be rigid). The magni 
tudes of A’ A"’ and B’' B” will again depend upon the 
relative flexibility of the two arms. It is evident that 
the tendency of the arms to separate and return to their 
positions A’ and B’ is counteracted by the stress in the 
rocker, tension in the case assumed; and that the amount 
of this stress is the cause of a deflection A’ A” in one 
arm and B’ B” in the other. 

Referring to Fig. 5, let ABCD represent diagram- 
matically one of the river spans, unloaded; A B, and DC, 
the forms which would be taken under a known system 
of loading, if B and C were unconnected. It is required 
now to find the value of the equal and opposite forces, 
which, when applied at B, and C,, will cause those ends 
to come together at some point E: also the distances C,E 
and B,E. Let A, and 3, denote the respective total deflec- 
ions B B, and CC, of the left-hand and right-hand arms. 
Let 5, and 6, denote the respective deflections when a known 
load w is applied at Bor C. Assume > A,. 

Then an upward force xw at B,; causes B, to rise a distance 
x 6, and a downward force xw at C, causes C, to descend a 
distance x 6,. B, and C; come together when B, E = x 4, and 


Cc; E= x 6. That is, the respective displacements are 
directly proportional to 6, and 4,. 
Therefore, C,E é, 
B,E 
Hence, C; By 8, + 4, 
B, E 
Or 4 
B, E = (4; — 4,) (2) 
& + 6, 
And 


Cy E= (A, — 4,) —— 
+ 4, 
By the same principle we find, when load extends from 
A toB only, Fig. 6, 


6, + 6, 
6, 
And when load extends from C to D only, Fig. 7, 
él 
+ 3, 
+ 6, 


Denoting reactions at B or C by R, using the minus sign 
(—) for an upward and the plus sign (+) for a downward 
reaction, when load is on AB the reaction at B, necessary to 


Bj E x w 
raise that end a distance B, E is —— , and from Eq. (4) 
Aw 
+ é, 


When load is on CD reaction at B is similarly from 
Eq. (6): 


Rg = + —-—— + (9) 


Again, from Equation (2), when load extends from A 
to D, the reaction at B is, 


B, Exw (4, — 4,)w 
+ 4, 


And the same is evident for reaction at C, which is for 


each case equal in magnitude and opposite in direction to 
that at B. 


If, then, loading for example Div. 1, we find the rocker 
stress R, and the consequent stress S,, due to R, in any 


member of the truss, and, loading Div. 2, we find the 


value of R. and stress S,. for the same member, then, 
when the load extends over both Div. 1 and Div. 2, the 


*The wind load is carried by a lateral system in the bot - 
tom chord. This system is of the same type as the main 
se The wind pressure was assumed at 2,000 Ibs. per 

in. ft. 


A 35.5 ft. Roadway @ 100 Ibs. per 
sq. f 
) 
BExw 


(4; —4,) ¥ qw (4,— 4,) 
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rocker stress is Ry + Re, and the stress in the member 
from rocker action is 8S, + Sys, proper regard being paid to 
algebraic signs. In the same manner, if the load extends 
over three divisions, 

R= R, + Rg + and 8, = 8,, + 8,2 + 
and likewise for any number of subdivisions, whether con- 
tiguous or not. 

The effect of the rockers on truss-members included in 
Div. 4 requires special note. A load anywhere on the 
bridge causes deflection at both 37 and 91, and there are, 
in consequence, two stresses 8, to be calculated for all 
the members between points 57 and 75, for each of the 
seven cases of loading. 

It is now necessary to investigate the effect of the 
elastic deformation of the rocker itself upon the reactions 
at 37 and 91. 

Referring to Eq. (10), 

(4, — 4) w 


+ 
would be the value both of the stress in the rocker and 
the reaction at the end of the cantilever arm, if the 
rocker were rigid. Letting 1 represent the length of 
rocker in inches and a its section in sq. in., the above 
stress would cause a stretch q in the rocker which would 
allow B and C (Fig. 5) to separate slightly, and thus re- 
duce the reaction. The value of this stretch is 
(a, _ 4,) w 1 


Ee 
and the reaction is therefore 


lw 

5, + 4; + 5, + 6, Ea (4, + 6,) 

By the introduction of the values of the known con- 
stants, the last factor becomes 0.9937 at 37 and 0.9928 at 
91. Taking the average of these: 

(4 4) Ww 
Reaction «z= + 0.99383 -——- 
8+ 8, 

And the same numerical co-efficient applied to the rocker 
stress for any case of loading, as above calculated, gives 
the true rocker stress. 

The process of finding the live load stresses may then be 
summarized as follows: 

Assume the rockers removed, and obtain the static 
stresses Sg. 

Denoting the cantilever ends by 37w, 37e, 91w and 9le, 
find the stress or co-efficient u for each member, due to a 
load of unity at each of those points. 


Let A 57, = Defiection of 37, due to the load pantasing 8, 


8 ste me 37, due to load of 1,000 Ibs. at 37, 
5 ate 37, 37, 
5 ot6 91, 91, 
de 87, “ 91, 
dan “ 91, “ “ 87, 


Us; and Uo; — Coefficients for load unity at 37 or 91. 
E = Modulusofelasticity= 29,000,000 lbs. per sq.in. 
L = Length of member in inches, 
A = Area of cross-section of member in sq. ins. 


Then S, Ug; L 
(14) 
EA 
and similarly for Ag,, etc. 
= 1000 ............ (15) 
EA 
and similarly for 43;,, ete. 
(Ug7) L L 
Ag; = = 1000  ————— ........ (16) 
EA 
By means of these equations we find: 
When full load is on Div. 1,43,, = — 4.140 ins. 
ee 2,4e~ = + 22.359 ins. 
. o 8,49, = + 25.734 ins. and 
Sow = + 3.832 ins. 
4,49, = — 5.508 ins. and 
Sow = — 4.642 ins. 
“ o 5,437 = + 3.009 ins. and 
Sow = + 16.644 ins. 
6, A ore = + 18.473 ins. 
“ ee 7,40. = — 5.053 ins. 
and = 0.08077 ins. 


8 sre 0.08465 ins. 
Sone = 0.02779 ins. 
= 0.02988 ins. 
dg; = do, = 0.00326 ins. 


The minus sign indicates upward deflection. 

The stresses in the rockers, derived from these deflec- 
tions, are given below in 1,000-Ib. units. The sign + indi- 
cates tension and — indicates compression. 


Blackwell’ 8 Island Bridge. Form ot Tabulation of ‘Stresses. ~ L Stresses are for 4, 000 ) Ibs. per tt. per Truss. 
Compression — 


Tension + 


Rocker Stresses, Blackwell's Island Bridge. 
In units of 1,000 Ibs, 


Rocker 37. Rocker 91. 

es ce — 63.3 + 3.57 
+ 342.0 — 19.3 
er — 394.0 — 66.3 
+ 34.3 + 80.3 
— 15.95 + 320.0 
+ 4.37 — 87.5 


The stress S, in a member for any case of loading is ob- 
tained by multiplying the stress in the rocker, for that 
position of the load, by 0.9933 and by the co-efficient u 
for that member; and the true stress by combining this 
product with Ss, already known, as in Eq. (1). 

We thus have for each position of load what may be 
called the partial stresses. The greatest tension and com- 
pression from a load extending over one, two or more 
contiguous subdivisions, obtained by the algebraic addi- 
tion of the partial stresses for each member, are then 
tabulated. Both tensile and compressive maxima are 
necessary in order that the table may reveal by inspection 
every reversal of dead load stress. The following speci- 
men tabulation indicates a convenient arrangement for 
this work: 

The stresses in secondary members are easily found by 
loading each panel separately. Pier reactions are found 
by a process exactly similar to that used in obtaining 
stresses in main numbers. 

The number of approximations necessary is not so 
great as would at first appear. For if the tentative areas 
used in calculating deflections were too great or too small 
in a constant ratio as compared with the areas required 
by the resulting stresses, while the quantifies 4,6 and d 
would be too small or too great in the same proportion, 
yet the ratios of these deflections, on which depend the 
rocker stresses, would be correct; and although many 
trials were made in the case of dead load stresses, but 
two were found necessary to obtain the stresses in the 
rockers. 


(A brief abstract of the discussion on this paper 
will be found in the column “Engineering Socie- 
ties,” on p. 178 of this issue.) 


A SHORT SUBWAY FOR PIPES AND WIRES. 
By John D. Adams.* 

The transmission of steam for any great dis- 
tance with any degree of economy is not an easy 
matter. Particularly is this the case in the cold 
weather. To facilitate the transmission of steam 
for heating and drying apparatus to a distance of 


Section of Subway for Pipe and Wires. 


500 ft., the tunnel shown herewith was con- 
structed. At intervals of 16 ft. angle irons are set 
inte the tunnel, as shown in the section, for the 
support of the piping. The pipes are held by 
a split band of 2% x %-in. iron, and a link of 
\%-in. iron, which hangs on an iron bracket made 
from %-in. plate. This arrangement permits plac- 
Ariz. 


1,000-1b. units. 


Lower Chord. 


Stress due to L L on 


Mem. Div. 1. Div. 2. Div. 3. Div. 4. 
+ 778 — 1,003 — 469 +100 
a, TS + 1,182 — 1,768 831 +178 
+ 1,840 2) 410 130 + 242 


Div.5. Div.6. Div. 7. 


-—Max. for Contin. DL Stress. 
54 —19 + 65 + 778 —1,472 —1,000 
+ 1,182 —2,599 — 2,890 


— 96 
—181 — 46 +12 + 1,840 —38540 —4,000 


ing the pipe at any convenient height from 
bottom of the tunnel, and also allows consia, 
play for expansion and contraction. The » 
is supported on a series of concentric semi 
lar bands of 3 x %-in. iron held to the ar 
%-in. rods and gas pipe separators. The por 
cleats were bolted with %-in. bolts to th. 
bands. 

The tunnel has several manholes locat: 
convenient points and has proved very effi 
in every way. It was built in 1903 for P 
Davis & Co., Detroit, Mich., with C. R. sm: 
engineer. 


METHOD OF ASSESSING LONGER SIDE OF cox 
LOTS FOR PAVING IN 16 NEW JERSEY CITIES 


The following statements regarding pave 
assessments for corner lots in New hey 
furnished to Mr. Andrew J. Gavett, City Sury 
and Street Commissioner of Plainfield, N. J 
the city engineers named. We are indebted + 
Gavett for a blue print giving the informatio; 

Long Branch; J. _ 

W. Seaman.—Full assessment mad 

New Brunswick; Asher Atkinson.—Full assessmen 
on both fronts. 

Camden; L. E. Farnham.—Full assessment mad 
both fronts, but % to % of total cost, without int 
tions, sometimes assessed on city. 

Atlantic City; J. W. Hackney.—Full assessment mad: 
both fronts. 

Paterson: H. J. Harder.—Full assessment made on both 
fronts. 

Plainfield; Andrew J. Gavett.—Full assessment made ¢ 
both fronts (city pays 20% to 33%); commissioner 
make allowance on future work. 

Elizabeth; W. H. Luster, Jr.—On side first paved, ¢ 
assessment. On other side, a concession of 20% to 
Depth also considered. 

Jersey City; C. A. Van Keuren.—On lots 25 x 109 # 
100 ft. frontage, assessed about 70%. Intersections 
sessed to block centers. 


Perth Amboy; Forrest L. Smith.—Assessment made a: 


S may 


30 


as 


cording to benefits received. *Triangular lots assessed 


% of each frontage; 24 of side assessed where front | 
50 ft. or less. 

Newark; Ernest Adam.—65% of side generally assessed 

East Orange; W. H. V. Reimer.—*50% reduction on side 
up to depth of 100 ft. only, after one side has paid ful! 
assessment. 

West Hoboken; Robert Gaw.—*30% reduction on side, if 
100 ft. deep. 

Bayonne; Emmett Smith.—50% reduction on side. 

Trenton; John P. Dullard, Comr.—Assessments made on 
basis of benefits conferred. *If less than 100 ft. deep, 
charge for % frontage; if more than 100 ft. deep, deduct 
SO ft. 

Orange; Fred. T. Crane —A small allowance, not uni 
form, made on side of corner lots. 

Passaic; Colin R. Wise.—Deduct for lots under 80 ft 
deep, 1% to 75%, as per blue-print diagram showing curve 
for assessment of shallow lots. 

Morristown; Arthur S. Pierson.—Question has not been 
brought up. 

Montclair; Frank W. Crane.—All paving done by genera! 
taxation, a certain sum being set aside each year 


*Stating the general basis of assessment. 


THB TOLEDO RAILWAY & TERMINAL CO. owns a 
new belt line 28.75 miles long around the city of Toledo 
o., with a 2%-mile branch to a new passenger and 
freight terminal station. The belt line has about 15 con- 
nections with steam railways and four connections with 
electric interurban railways, all these connections being 
equipped with interlocking plante. The terminal station 
has a headhouse 200 ft. long, with two parallel train- 
sheds, each covering five tracks. The engine houses, 
coaling station and repair shop are located at the con 
nection of the terminal branch with the belt line. There 
are two bridges over the Maumee River. One of these 
has a central draw span of 253 ft., approached on bot! 
sides by four 145-ft. deck truss spans, and a 40-ft. gird: 
span, the total length of the bridge being 1,493 ft. The 
other bridge has a 358-ft. draw span, approached on oc 
side by three spans of 208 ft., and on the other side b 
two spans of 156 ft.; including the two trestle approache 
the length of this bridge is 3,056 ft. The railway was 
built to afford terminal facilities and to improve the © 
terchange of passenger and freight traffic between the 
several railways with which it connects. It will also as 
sist in the industrial development of the city, as it serve 
large areas of vacant land adapted for manufacturing 
tablishments. Mr. T. F. Whittelsey is General Manas 
and has had much to do with the promotion and const: 
tion of this new line, 
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We print on another page of this issue a brief 
paper xdvocating the use of ballasted floors for 
railway bridges, with granulated wlast furnace 
slag as the ballest. A very important advantage 
of this material, as pointed out by the author, is 
its very light weight, only 35 ibs. per cu. ft. after 
packing and settling. This means, of course, a 
very much smaller dead load on the bridge than is 
involved in the use of a broken stone baillasted 
floor. 

A question which wifl be raised in the minds 
of many engineers, we dre sure, is whether slag 
may not cause corrosion of the iron plates with 
which it is in contact. Slag is a material very 
variable in its chemical constituents, and from 
certain furnaces working on certain ores and 
coke, it contains, if we mistake not, unstable 
sulphur compounds which when exposed to mois- 
ture are likely to cause corrosion of adjacent iron 
or steel. We shall be glad to hear from any of 
our readers who can give authentic information 
on this matter. 

In this connection, too, it should be said that 
the life of solid floor bridges ballasted with clean 
broken stone is still to be determined. The wash 
from ashes dropped from locomotives and the 
drippings from refrigerator cars are certainly 
very corrosive, and the ballast undoubtedly tends 
to hold such corrosive liquids in close contact 
with the thin steel plates forming the floor. Can 
the paint or asphalt or other protection applied te 
these plates when the floor is buiit protect it 
long against such destructive agents? That is 
the question which appeals to many. engineers 
when corsidering the question of ballasted bridge 
floors, and it is this as much as,anything, we be- 
lieve, that is limiting the use of the solid ballasi 
floors that were so highly advocated ten years 
ago. In place of the trough and buckle-plate 
floors, the present tendency, we believe, is toward 
the use of floors in which the steel is protected by 
conerete, a number of which are illustrated in 
this issue. 

One of the largest water filtration plants in the 
world and, next to the Torresdale plant now being 
built for Philadelphia, the largest in the United 
States, will soon be put under construction at 
Pittsburg, Pa. A note on the proposed plant ap- 
;eared in our issue of Feb. 2. The work is now 
being advertised in ten separate contracts, the 


specifications for which fill about two thousand 
printed octavo pages, accompanied by hundreds 
of sheets of olue-prints. Rarely does one see 
such detailed. contract drawings as have been 
prepared in this case, and seldom does a city 
invite bids on so many important contracts at 
one time. There will be large settling reservoirs, 
46 one-acre covered filter beds, covered clear 
water reservoirs, iarge conduits and pumping 
stations. Notable features of the filters will be 
the placing of all the main filter piping connec- 
tions in galleries between rows of filter beds, pro- 
visions for taking dirty sand from any bed, wash- 
ing it and placing it on any other bed without 
storage, a central administration building with 
laboratories, and ventilation of the filters and 
filter gaileries when needed. Alternative pro- 
posals are invited on scraping the filters and re- 
placing the washed sand by machine and hand. 

Perhaps the most notable of all the contract 
requirements for the Pittsburg filter contracts are 
those relating to the sanitation of the contractor's 
camp and the health of the workmen. Laborers’ 
quarters must give at least 500 cu. ft. of air space 
per sleeper, have tight floors at least 1 ft. above 
the ground, have for each camp a separate build- 
ing for a wash house or laundry, and another 
for a kitchen or cook house. No stable shall be 
nearer than 150 ft. to any of the buildings just 
named. Pure water approved by the city author- 
ities must be suppiied to the workmen, all gar- 
bage must be stored in “tight’’ receptacles and 
burned without nuisance once in 24 hours. Water 
closets must be provided for all laborers, subject 
in all particulars to the control of the city author- 
ities, and must be cennected with “tight’’ septic 
tanks, effluent from which must be “reasonably 
clear, colorless, free from disagreeable odor and 
entirely unobjectionable to run out to a water 
course.” Medical supervision and care of the 
workmen, the removal of men suffering with com- 
municable diseases and the employment of no un- 
vaccinated men is also required. These sanitary 
regulations are highly commendable, and for the 
interest of the contractor as well as the city. The 
rules for water supply, garbage and sewage dis- 
posal, if effectively carried out, will reduce the 
dangers from typhoid fever, both to the workmen 
and to the city water consumers after the reser- 
voirs and filters are put in use. Mr. E. W. Bige- 
low, M. Am. Soc. C. E., is Director of Public 
Works of Pittsburg, and Mr. Morris Knowles is 
Chief Engineer of ihe Bureau of Filtration. 


THE DESIGN OF THE BLACKWELL’S ISLAND BRIDGE. 


Now that the longest span cantilever bridge 
ever undertaken in the United States is under con- 
struction—a bridge which will be perhaps the 
heaviest per foot run ever built of any type, which 
is wholly novel in its general type, as far as 
America is concerned, and which will be the first 
in whose make-up nickel stee] holds an important 
place—the description of the stress analysis as 
presented elsewhere in this issue, will doubtless 
arouse much interest among bridge engineers. 
There are many points of interest in thé design of 
this bridge, and some of them are points on which 
there are strong differences of opinion between 
engineers. 

Historically, the Blackwell’s Island bridge takes 
precedence in interest over the noted North River 
bridge proposition, and even over the much more 
famous Brooklyn bridge. For, plans to bridge the 
East River at Blackvvell’s Island have been afloat 
fur at least seventy,years; the existence of an 
island dividing the channel into two parts has 
leng made this location a most attractive one for 
a bridge connecting Manhattan Island with Long 
Island. We have before us a print dated 1837, 
showing a proposed three-span suspension bridge 
at Blackwell’s Island, accompanied by a descrip- 
tion from which we quote as follows: 


Mr. Graves’ plan for an iron hanging bridge over the 
east and west channels of the East River, from between 
65th and 75th Sts. on the city of New York side, across 
the northern part of Blackwell's island to a feasible point 
on Long Island opposite * * * The bridge to have 
three openings of seven hundred feet each between the 
points of suspension, * * * suspended from four 
eatenarian lines of malleable iron chains or cables (of 


sour cables each) by perpendicular lines of iron rods 


A hanging-bridge upon the construction as above rough- 
ly suggested, it is ascertained from experiments made, 
would have a surplus of upward of twelve hundred tons 
remaining. denoting the strength of the bridge; a weigh 
that beyond probability would never be upon the bridge 
at one point of time. The expense of constructing this 
bridge would vary from five hundred to eight hundred 
thousand dollars 

During the past twenty or thirty years there 
has always been some plan before the public for 
a bridge in this locality. But in these many years 
the importance of the crossing has ever increased, 
as the tributary population and the probable traf- 
fic has grown larger and larger. The early high- 
way bridge scheme just referred to, with its 1,200 
tons ultimate live-load capacity, has grown to a 
multiple street-railway and rapid-transit railway 
bridge whose ultimate live-load capacity is per- 
haps a hundred times as great. 

In the earliest plans the suspension type of 
bridge was, of course, the only one in question. 
More recently cantilever construction came into 
consideration, and for two decades has been the 
more prominent. The final design, worked out 
about three years ago, departs from all previous 
proposals by providing for a truss which, though 
of cantilever type, is different from all American 
cantilevers and classes statically with ‘“con- 
strained” or continuous girders. The suspended 
span is omitted, avowedly for wsthetic reasons 
and for ease in erection, and the cantilever arms 
continue to the middle of the span where they are 
held together by a pendulum arm or rocker. 

The adoption of this “constrained” form of truss 
is one of the main points upon which difference of 
opinion appears. So far as precedent goes, every- 
thing favors the pure cantilever type built with 
suspended span. All the great cantilever bridges 
of the world are of this type, including the Forth 
bridge which exceeds the span proposed for this 
structure and the Quebec bridge now under con- 
struction with a span greater even than the Forth 
bridge. Therefore the burden of proof lies on the 
advocates of the constrained type of cantilever. 

Briefly, they argue that the bridge will be more 
beautiful, can be more cheaply erected, and will 
prove more rigid, than a pure cafttilever. The sus- 
pended span is considered to introduce difficulties 
in suiting wsthetic requirements, although recent 
large bridges of the pure cantilever type both in 
America and in Europe show very satisfactory so- 
lutions of the westhetic problem. It is held that 
the suspended span, if of reasonable length, will 
be so heavy, on account of the high live-load, that 
the erection stresses will wholly neutralize the 
economy of the pure cantilever type. It is con- 
sidered, further, that in the bridge as actually 
designed, the two half spans mutually support 
each other, for which reason the constrained can- 
tilever should be more rigid than the other form. 

In reference to the latter argument, it is proper 
to observe that large city bridges carrying heavy 
traffic, without great train-concentrations, are 
very rarely loaded other than with uniform full 
distribution. Under such loading the constrained 
cantilever has a sharp peak of deflection at the 
middle, while the pure cantilever is horizontal at 
the middle due to the bending of the suspended 
Span; the latter should therefore prove stiffer un- 
der full load. Concentrated partial loading is of 
such rare probability in this as in any large high- 
way bridge that rigidity under such loading is of 
quite secondary importance. Yet it is not neces- 
sarily true that the constrained cantilever is the 
more rigid under such load, as this depends wholly 
on the individual case. 

The third argument, that of erection, is one for 
individual consideration. It is certainly not self 
evident that a suspended span would differ ap- 
preciably in weight from the corresponding end 
sections of the present cantilever arms; the erec- 
tion argument depends principally, therefore, on 
the supposed difficulty of taking care of “the re- 
versed stresses in the suspended span during erec- 
‘tion. 

Speaking of reversed stresses brings to mind the 
fact that the Blackwell's Island bridge, a con- 
strained structure, is pin-connected throughout. 
It is known that in a constrained structure of any 
kind the inelastic deformation resulting from play 
in pin-holes may vitiate the calculated stresses. 
This applies, of course, only when one or more 
‘members of the structure are subject to reversal 
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of stress; but when reversal occurs, its effects 
(in respect to changing the stresses) are not re- 
stricted to the members suffering reversal but ex- 
tend to all members of the structure, and they are, 
mortover, not at all easy to compute. This fact 
is a strong reason why statically indeterminate 
(constrained) structures, when there is possibility 
of stress reversal in any of the members, should 
have riveted connections throughout, a reason 
which is almost universally appreciated in its 
application to two-hinged and continuous arches. 
In the case of structures which are much more 
economically built with pin connections, as in the 
case of the Blackwell's Island bridge, the same 
reason operates to make a constrained structure 
undesirable, at any rate when partial live-loading 
is of importance. This argument, together with 
the more familiar argument of settlement of sup- 
ports, is therefore a distinct reason for preferring 
the pure cantilever type to the constrained canti- 
lever 

In the stress calculation described in a paper of 
Mr. R. C. Strachan on another page of this issue— 
whose simple and clear exposition of the work we 
commend to students of modern bridge design— 
the effect of pin-hole play is passed over rather 
lightly with the statement that it may be neg- 
lected. As the calculated results show that under 
certain conditions of loading some members ex- 
perience reversal of stress, this statement may be 
questioned by some. Accurate calculation of the 
effect of pin-hole slack in such structures is not 
easy, however, and requires an assumption as to 
the amount of the play at each pin. In view of the 
fact that the live load on the Blackwell's Island 
bridge will probably never be very far from uni- 
form in distribution, and since no reversal of 
streSs can occur unless the live-load be confined to 
a small part of the bridge, we believe the neglect 
of pin-hole play is justified. 

In regard to the stress-calculation itself, we 
take space to refer to only two points. The first is 
the simple and systematic arrangement of work 
which resulted from the choice of the rockers as 
the “redundant” members. In any structure 
which, like the present one, has two points of 
constraint, almost any two members may be se- 
lected as the “redundant” members from which 
the constraint stresses are calculated. But the 
ease of the work, the possibility of systematic ar- 
rangement, and the chances for inaccuracy, are 
much affected by the choice of the two members 
in question. Any two of the supports, or almost 
any two main truss members, might have been 
considered as the redundant ones. In the present 
case the choice of the two mid-span connectors 
suggested itself rather naturally; the advantages 
thereby secured, as against the choice of any 
other members will be best appreciated by those 
who have gone through a similar calculation. In 
many cases of constrained frames, however, the 
proper choice is by no means so evident, and it is 
worth while to consider most carefully before be- 
ginning work, the advantages and disadvantages 
of' each particular selection of redundant mem- 
bers. 

The second detail of the stress-calculation to 
which we wish to draw attention is the assump- 
tion as to live loading. It is proper to note that 
much discussion arose, at the time the bridge was 
designed, as to the capacity for which the bridge 
should be designed. A special commission of three 
engineers was finally appointed to fix upon ca- 
pacity and consequently live load. Their recom- 
mendation of 16,000 Ibs. per lineal foot of bridge 
was used for the design. In spite of this high 
loading, there are already predictions by com- 
petent authorities that the bridge will very soon 
be inadequate to handle the traffic offering. But 
the assumption as to amount of live load is less 
interesting here than the assumption as to its dis- 
tribution. It will be noted that the “‘probable” 
maximum live load was taken as half the amount 
fixed by the expert commission as “possible”; the 
other half, therefore, goes into the factor of 
safety. Evidently assumptions of this kind re- 
quire the greatest care and best judgment of the 
conditions of the case. The same applies to the 
further assumptions (1) that no two isolated sec- 
tions of live-load can occur on the bridge, and (2) 
that no sections of live-load shorter than one main 


division of the bridge need be considered. The in- 
fluence and field of such assumptions in the design 
of extremely large bridges will repay consideration 
by bridge engineers; they are assumptions of a 
kind to be separately fixed upon for each indi- 
vidual case, and not to be transferred from one 
case to another without detailed reconsideration 
of the local conditions. 


THE IMPROVEMENT OF RAILWAY PASSENGER STA- 
TIONS AND TERMINALS. 


Within the past dozen years a large number of 
new railway passenger stations have been built 
in the larger cities of this country. Among the 
notable ones we may mention those in Boston, 
Philadelphia, St. Louis, Omaha, Albany, Jersey 
City and Pittsburg. At the present time, how- 
ever, a larger amount of work appears to be in 
prospect in the construction of great new pas- 
senger stations in large cities than has ever been 
undertaken. In New York City two of the largest 
and finest railway passenger stations in the world 
are to be built by the Vanderbilt and the Penn- 
sylvania systems. In Washington a splendid 
union station which will be a monument of archi- 
tectural excellence is already under way. In 
Buffalo the railways and the city authorities 
have agreed upon a location for a great new union 
station. 

The largest project of this sort now proposed, 
however, is a rearrangement of the railway pas- 
senger terminals of Chicago. That city is now 
served by 22 trunk lines, which have six terminal 
stations scattered in different parts of the city, 
necessitating a large amount of transfer of 
through passengers from each station to all the 
others. The Delano plan, which is described else- 
where in this issue, proposes to retain the same 
number of stations, under practically the same 
ownership and use as at present, but to replace 
the present scattered stations (some of which are 
old and inadequate) by six large new stations to 
be erected side by side on property already owned 
by the various railways. We believe that this is 
the first time that such a plan has been suggested 
for any city, comprising as it does a concentration 
of terminal facilities without the joint ownership 
and use involved in the establishment of a single 
union station. The Torrance plan of 1891 and the 
Sattley plan of 1901 each proposed a Chicago 
union station for all the railways; the former had 
to provide for only ten trunk lines, while the 
latter provided for 22 lines, the same as in the 
more recent Delano plan. It was estimated that 
the Sattley station would have to provide for 
some 1,050 trains daily, a large proportion of 
these being in suburban service. 

That these great new stations, completed, 
under construction and projected, are only a be- 
ginning in the work of reconstructing the railway 
passenger terminals of this country, everyone 
familiar with the situation must concede. In 
probably the majority of American cities, not- 
withstanding the work of station building done 
during the past dozen years, the existing passen- 
ger stations are old buildings, dingy in appear- 
ance, mere or less unsanitary, and inadequate to 
properly care for the traffic. In cities where 
these conditions exist there is from time to time 
a desire (voiced through the daily press and 
through local commercial organizations) for 
larger, better and more attractive stations. 
Wonder is frequently expressed that the railway 
companies do not take the initiative and erect 
handsome stations with all modern conveniences, 
and they are frequently censured for not taking 
such action. A railway company, however, has 
to consider this matter from the financial stand- 
point, and as long as the old station can be made 
to handle the traffic, and there is no absolute pub- 
lic outcry against the accommodation furnished, 
the expensive work of rebuilding the terminal is 
apt to be put off as iong as possible. Nor is this 
attitude an unreasonable one. It can hardly be 
maintained that the building of new passenger 
stations has much influence in stimulating the 
volume of traffic, and there can be, therefore, lit- 
tle direct return on the investment. It is evident, 
therefore, that heavy expenditures for a new sta- 
tion can hardly be justified as long as the old sta- 


tion can furnish decent facilities, and the 
ing public is fairly well satisfied. 

A mistake which is sometimes made by railway 
companies, however, is to allow an old station 
fall ints a somewhat dilapidated condition 
give it less care than would be given me a ne 
station, whereas an old station really needs mu 
more attention to keep it in proper conditic; 
Dirt and dilepidation, defective plumbing (whi 
is very frequently in evidence in such cases), ar i 
a general air of neglect are liable to cause con 
plaint and arouse a public demand for a new st 
tion. In many cases a reasonable expenditur 
in repairs and decoration, with attention to heat 
ing, lighting and ventilation, and proper attend 
ance, would so far improve conditions that the 
erection of a new station could be postponed fo 
some years. 

An important point to be considered in plan- 
ning the improvement of railway passenger st. 
tions is that such improvements should generally 
be made in ccoperation with the municipality 
In most American cities the railways reach their 
stations by running through streets and at grade 
These conditions were established when the rail- 
way was originally built and often when the city 
itself was a small town. The time to change 
these conditions is when a new passenger station 
is planned. Often the promise of a fine new sta- 
tion will influence municipal cooperation in the 
removal of grade crossings, the widening of 
street approaches and the improvement of the 
lands adjacent to the railway entrance to a city. 
If one were to judge of our American cities hy 
their appearance as one enters them by rail, what 
a conglomeration of ash heaps, dilapidated shan- 
ties, advertising, signs and ragged dirt banks they 
would appear to be. We put up with these things 
because we have become accustomed to them: but 
as public attention is more and more concentrated 
on the work of municipal improvement, the de- 
mand becomes greater that such offences against 
good taste and good sanitation shall be wiped out. 

Why should a city expect a railway company 
to puild a fine new passenger station when the 
city itself allows the approaches to continue as 
ill-paved and dirty streets, and does nothing to 
improve the region adjacent to the railway 
terminals? 
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LETTERS TO THE EDITOR. 


Calculating Cross-Section Areas: Correction. 


Sir: In the method given for calculating cross-section 
area in your issue of Feb. 2, 1905, the section should be 
written thus: 


and not ag printed, thus: 


Sp 


Yours respectfully, 
Louisville, Ky., Feb. 3, 1905. 


Comparative Cost of Piain and Reinforced Concrere Re- 
taining Walls. 


Sir: I was much interested in the article of Mr. F. F. 
Sinks regarding the ‘‘Analysis and Design of a Reinforced 
Concrete Retaining Wall,’’ which appeared in your issue 
of Jan. 5, and I agree with him in all the points requisite 
to be observed in stich a design, except where he says: 
“The volume of the concrete shall not be reduced to such 
an extent that the cost per yard of machine mixing, 
handling and placing of concrete will exceed .that for a 
plain wall,” for it would certainly be good practice to re- 
duce the quantity, say, 50%, when it can be done without 
reducing stability, although the cost of the concrete may 
be considerably more per yard. There would, however, be 
but little increase when the forms are kept as simple as 
for plain walls, as Mr. Sinks suggests. 

Possibly the following description of a reinforced wall 
erected at Lebanon, O., last fall, which shows much 
greater economy than the design given by Mr. Sinks, when 
compared with a plain concrete wall of the same quality 
and stability, will be of interest to your readers. The wal! 
was designed according to Trautwine’s fermula for earth 
pressure. The fill was taken at 100 Ibs. per cu. ft., and 
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the ct e at 130 lbs. per cu. ft. The section is shown fame space is also occupied by another gas, or is occu- to data on bear-trap dams. The reference was in error, 
in F pied by the water vapor alone. Thus one pound of water and should have read 43d Congreea. 
nt of the-earth vertically above the heel is vapor at the point of saturation occupies at 60° F. a vol- In our issue of Feb. 2 mention was made of the Austin 
as a part of the wall in figuring the stability ume of 1,234 cu. ft. and will exert a pressure of .2545 Ib Excavator which was used on Sewerage and Drainage Sys- 
of against overturning, for this weight on the per sq. in. Under the same conditions a volume of 1 tems of Wheaton, Ill. We are informed that this excava- 
hee s truly as a force to prevent overturning when cu. ft. of space will contain .0008104 Ib. avoirdupois of tor is now called the Chicago Sewer Excavator. In a 
t vsed of earth as if it were composed of stone water vapor or 5,673 grains. foot note reference was made to our issue of Sept. 19, 
1 Ka 1901, for a description of this machine, and, through an 
— oversight, no reference was made to our issue of Dec 
hod |g fod <5 24, 1908, which contains a more detailed description of 
the machine. 
} 
| Fill : | S. P. J., writes: An author in your issue of Feb. 2, 
' ~ H i in desc ribing the suspension bridge failure at Charleston, 
| ty H ' & W. Va., states that three double and two single teams 
! make eight horses. Is his arithmetic or his interpretation 
& ‘ 8 of Webster's at fault? 
Neither his arithmetic or his grammar was at fault. 
| Se ' g = The word ‘‘team’’ in different parts of the United States 
has different meanings. In some sections ‘‘team"’ is never 
! used except to denote two or more horses, mules or other 
> SY os animals harnessed together. In New England and in some 
| S W265 S other sections ‘‘a single team’’ means one horse and the 
Se! vehicle which he draws. The Century Dictionary states 
| y : : 6 \ hat this use of the i team has been embodie 
' ' Ss | tha 1is use of the word team has been embodied in the 
H statutes of certain states where a single team, meaning 
! ' : ‘5 H one horse with a vehicle, harness, etc., is exempt from 
le Wall =6,500 | , harness, etc., omy 
Whgle We ‘6,9 : “6500 ibs. = attachment for debt. 
PROPOSED PASSENGER TERMINAL SYSTEM FOR 
pac : \ 
' $4. = 
C.70.0. o!- 2 7 Hee! The city of Chicago has six passenger terminal 
AK ' ‘nN ‘a stations for the 22 trunk lines of railway enter- 
ing the city, but the terminal facilities are not 
6 equal to the requirements of the railways or the 
ene Spacing of Rods 7g! puvdlic. Most of these stations are jocated in un- 
NEWS i attractive and congested districts, approached by 
ke---8 narrow and dirty streets, and having very indif- 
' a ferent facilities of access from and to different 
Fi | Fi > parts of the city. Their positions necessitate a 
IQ. 1g. 


or concrete. The resultant was made to cut the base one- 
third from the toe. 

The toe was made rather long in proportion to the heel, 
in order to save excavation and fill. There being natural 
rock ledges in front of the toe, there was no danger of 
the wall sliding forward on its base. It was not deemed 
necessary to provide for any surcharge. The tensile 
strength of concrete was not taken into consideration. 
For reinforcement Ransome twisted bars of high elastic 
limit were used, the allowable stress limit being 16,000 
Ibs) This gives a factor of four for ultimate strength, and 
a little more than a factor of three for elastic limit, 
which were deemed ample for such a construction as this 
from the fact that the load which it is figured to stand is 
considered the maximum that can occur, and also because 
the load being carried by numerous small independent 
members makes the structure much safer than if it were 
carried by a few large members, for a defect and failure 
in one simply lowers the factor of safety a small per 
cent. The part above the line AB was figured as a 
cantilever. Thacher’s formula was used to obtain the 
amount of steel, The heel and toe were also figured in 
the same manner for the stresses that come on them; 
that is, for the weight of the fill vertically above the heel 
and the pressure of the earth upward against the toe. 
Only two longitudinal rods were used, one near the top 
and one near the toe. 

Fig. 2 shows a section of a plain concrete wall of the 
shape usually employed in this vicinity. The data used 
were the same as those used for Fig. 1. Trautwine’s 
formula was used, considering the fill vertically above the 
steps on the back of wall as a part of the wall. The re- 
sultant cuts the base at one-third from the toe, the same 
as for Fig. 1. 

As to the comparative cost of the two designs, we find 
that the reinforced wall of the section shown in Fig. 1, 
185 ft. long, cost $13 per lin. ft. On the same day that the 
contract for the above wall was let, the same contractor 
bid on a plain concrete wall for the same place with a 
section similar to Fig. 2 (except it was not quite so thick) 
at the rate of $5.40 per cu. yd., including excavation, cas- 
ing, ete. The extra thickness of the wall shown in Fig. 2 
over the one bid on, would not decrease the cost per yard 
more than, say, 10 cts. The wall shown in Fig. 2 con- 
tains 4 cu. yds. per lin. ft., which, at $5.30, amounts to 
$21.20, the plain concrete wall thus costing $8.20, or 63% 
more than the reinforced wall. 

Very truly, Frank A. Bone. 

2126 St. James Ave., Cincinnati, Ohio, Jan. 19, 1906. 


Some Elementary Facts Relating to Hygrometry. 


Sir: As the subject of hygrometry has become promi- 
nent of late through the publication of Mr. Gayley’s pa- 
per on dry air for blast furnaces, and the discussion in 
your journal some months ago on moisture in the air of 
dwelling houses, the following statement of scme simple 
facts In relation to hygrometry may interest some of your 
readers: 

Ose pound of saturated vapor of water occupies a given 


given temperature regardiees of whether the 


If, however, this vapor is heated beyond the point 
of saturation it will change its pressure and volume ac- 


p” 
If now without increasing the absolute quantity of mois- 
ture and assuming the vapor pressure constant, it is 
heated to 100° F. it will expand and one pound will oc- 
cupy a space 
p’ v’ 


560.7 
(= 234 x ( ) = 
p” 520.7 


And the weight of water vapor in 1 cu. ft. of space will 
1 
be 
1,328.8 

At the point of saturation, however, 1 Ib. of water vapor 
at 100° F. will occupy a space of 354 cu. ft. and the 
weight of vapor contained in a cu. ft. of space will be 
.002824 Ib. avoirdupois or 19.768 grains. 

The relative humidity under the assumed condition is 


cording to the law 


= 


== .0007526 lb. avoirdupois or 5.268 grains. 


In other words, the space occupied by the atmosphere 
contains 26.65% of the weight of water vapor which it is 
capable of containing under the assumed temperature. 

The dew point is 57.5° F. because at that temperature 
the vapor in the air would come to the point*of saturation 
and any further reduction of temperature would cause a 
deposition of moisture. 

If the temperature of the air is 100° F. and the relative 
humidity is 50% the space occupied by the atmosphere 
contains half as much vapor by weight as it, is capable 
of containing at that temperature. Now the specific vol- 


ume is so that the volume of the vapor is 


density 
twice what it would be at the point of saturation. But 
the pressure varies inversely as the volume, so that the 
relative humidity is the same as the ratio of the vapor 
pressure actually exerted to the vapor pressure at the 
point of saturation. 

In other words, if the relative humidity is 50%, the rela- 
tive vapor pressure is 50%, the relative vapor volume is 
200%, and the relative vapor weight is 50%, all based 
on the values at the point of saturation for the tem- 
perature. Lane Johnson. 


Pueblo, Colo., Dec. 14, 1904. 


Notes and Queries. 


The erecting shop and crane girdere of reinforced con- 
crete, illustrated on p. 112 of our issue of Feb. 2, were 
built for the Ingersoll Milling Machine Co., of Rockford, 
Ill., and the designs for the building were prepared for 
the owners by Mr. Wm. W. Crehore, M. Am, Soc. C. EB, 
of 116 Nassau St., New York City. 

In our issue of Jan. 19, p. 77, reference was made to 
Ex. Doc. No. 78, H. R, 424 Congress, 24 Session, relating 


tedious and cumbersome transfer of a large pro- 
portion of the through passengers by means of 
omnibuses, cabs and street curs, as well as the 
transfer of much baggage, mail and express mat- 
ter. Several of the stations have insufficient ca- 
pacity or accommodation for their traffic, but are 
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Mr Satleys Proposed Union Sta 


Map of the Business District of Chicago, Showing 
Present and Proposed Passenger Stations. 

W. 

2. C. M. & St. Paul.; Penna, etc. 

3. B. & O. & Chic. "Term. Trans., etc. 

4. C., R. I. & Pac., Lake Shore, ete, 

5. Erie, Wabash, Grand Trunk, ‘etc. 

6. Ill, Cent., Mich. Cent., etc. 
so situated that they cannot well be enlarged. 
The establishment of a single union station has 
several times been suggested, and in 1901 a 
echeme of this kind was worked out by Mr. R. C. 
Sattley, Division Engineer of Bridges and Build- 


ings of the Chicago & Northwestern Ry., and wag 
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described by him in a paper before the Western 
Society of Engineers (Engineering News, May 30, 
1901). Another project has recertly been pro- 
posed by Mr. F. A. Delano, M. Am. Soc. C. E., 
until recently General Manager of the Chicago, 
Burlington & Quincy Ry., and has been discusse1 
at a public meeting of the City Club. Instead of 
a single union station, this plan provides for six 
stations adjacent to each other, and forming part 
of a plan for a general improvement of surround- 
ings and approaches, 

The site proposed is on 12th St. (or possibly 
Taylor St., 80C ft. farther north), from State St. 
west to the river, the sixth passenger terminal 
and a large freight station being on the west side 
of the river. In both cases the railways already 
own all the property between State St. and the 
river, and most of the property between the river 
and Canal St. The river would be straightened 
and improved where it passes through the railway 
property. The fact that practically all the prop- 
erty required is already owned by the railway 
companies makes the project a practicable one if 
the railways can be induced to take it up; there 
is the further advantage that the existing im- 
provements upon this property are not of great 
value and could be readily replaced elsewhere. 
The street on which the railways front would be 
made 150 to 200 ft. wide, and elevated to the level 
of the present 12th St. viaduct crossing the tracks; 
it would be provided with an elevated railway, 
electric car iines and driveways so us to be easily 
accessible from transportation lines serving all 
parts of the city. 

The plan does not require its immediate adop- 
tion by all the railways concerned, ‘as some of 
them could continue to use their present ter- 
minals until such time as they should consider it 
desirable to use the new terminal. The heavy 
suburban traffic of the Illinois Central R. R. and 
the Chicago & Northwestern Ry. might be oper- 
ated as at present, but while the former road has 
very convenient local stations for this traffic, the 
terminal of the latter road is very inconveniently 
located for suburban passengers. The plan fur- 
ther contemplates large office buildings to be 
built by the railways om the north side of the 
street, facing the termine! stations. 

The accompanying cut shows the present rail- 
wey terminals, and the union station formerly 
proposed by Mr. Sattley. We are indebted to Mr. 
Delano for a description of his project, and from 
this we make the following extracts: 

The idea contemplates bringing in the passenger tracks 
say 20 ft. above the present surface and slightly above 
the viaduct level, utilizing the entire space beneath them 
from 12th to 14th Sts., and from State St. to the river, and 
(if needed) west of the river, for handling on the present 
ground level, baggage, express, mail, and ‘“‘less than-car- 
load’ (L. C. L.) freight. The proposed stations, five of 
which would be located east of the river (and, when 
needed, one in addition west of it), would be separated 
from each other by the streets running north and south, 
some of which would be elevated. State St. and Wabach 
Ave. would run through as now, while Clark St. and Fifth 
Ave. would be raised to the level of the viaduct at 12th 
St., and would come down to the present grade again in 
the neighborhood of 16th St. The space under these 
streets would be utilized in some cases for railway tracks, 
in others for teams to reach the freight houses, and at 
the extreme south end, under the diminished head-room, 
as a convenient means of connecting these freight houses 
by passages for the trucking of freight. Subterranean 
galleries running east and west at convenient intervals 
between 12th and 16th Sts, and reached by elevators, 
would also connect the warehouses for the handling of 
baggage, express, mails, and L. C. L. freight, so that not 
only would the entire story on the boulevard level be used 
for passenger business, but the present ground level 
would be assigned for the handling of baggage, express, 
mail and freight. In this freight warehouse, facilities 
would be given for handling less-than-carload interchange 
business in a way that has been many times suggested, 
but never satisfactorily worked out. This less-than-car- 
load interchange is now accomplished either by loading 
ears with miscellaneous shipments which have to be 
switched and rehandled, involving expense and delay in 
transit; or by teaming, which is more rapid but more 
expensive. A still further advantage would be that on 
the western edge of this immense freight warehouse the 
river frontage would give facilities for delivering to the 
railways all freight handled by lighters or steamers, so 
that all the merchants in the city having water frontage, 
could receive or make deliveries of their freight to or from 
any railway. 

As an engineering proposition this plan presents no seri- 


ous difficulties, and in fact, makes possible the elimination 
of some which now exist, because if the arrangement were 
made with the common consent of all the roads concerned 
(and it could not well be made otherwise), a re-grouping 
of the railways would then be feasible which would al- 
most entirely unravel the bad snarls of crossings at Clark 
and 16th Sts., and at Archer Ave. and 21st St. 

The real difficulty in the situation is, obviously, that of 
bringing together the more or less discordant interests. 
It is recognized that some companies, seeing their ad- 
vantage under present conditions over their neighbors, 
may be unwilling to give up that advantage, even though 
the new arrangement offers some attractive features. But, 
perhaps, when the matter is studied carefully, proper 
means of reconciling these differences will be found. 

It certainly is not the intention of the writer to belittle 
such difficulties, but simply to direct attention to what 
appears to be a very remarkable opportunity of straighten- 
ing out a rather bad situation. Chicago, already the 
greatest city in the middle west, has here a chance of 
making for itself an ideal railway entrance. It is recog- 
nized that no one union station can accommodate the 
volume of traffic; it is recognized further, that there is 
such a thing as making a union passenger station too 
large. But the proposed plan of placing five or six units 
in convenient relation to each othes, and in practical 
juxtaposition, units which together will serve not only 
the passenger business, but to a very important extent 
the freight business of the city, is surely a move in the 


No very definite estimate has been attempted as ¢, 
cost of carrying out this scheme; the expense wi)! 
viously, vary with the details of t¥e plan as adopted 
it is thought that, exclusive of the land, $75.00. 
would cover the entire cost. 


THE ST. MARY’S PARK TUNNEL, N. Y. C.& H.R. 


As a part of the depression and rectifica: 
work on the Port Morris brancia of the Ha; 
Division of the New York Central & Hy 
River Railroad, a short tunnel is being «) 
under St. Mary’s Park. The park is near 1} 
St. and St. Ann’s Ave., in the Borough of 
Bronx, New York City. 

The two most iiteresting features of this 
nel work are the location and loading of 
holes, and the loading of muck with a st 
shovel operated by compressed air. Steam shv 
have been used before in tunnel work, but ne 
so far as we know, within the iimiits of Gre 
New York. The gneiss and mica-schist of N 
York break out in much larger chunks than 
shales and sandstones of Pennsylvania, wh 
steam shovels have been used in tunneling, 
for this reason the spacing of the drill holes «) : 
the charging of the holes on the St. Mary’s Pa: 


FIG. 1. STEAM SHOVEL AT WORK IN ST. 


direction. The plan, too, is susceptible of considerable 
expansion, because in the location suggested there is no 
doubt that between State St. and the river as straightened, 
more than double the present facilities could be provided, 
with all the space between the river and Canal St. for 
future expansion. 

An improvement in the present situation is very much 
needed. The extent to which people are actually driven 
away from Chicago by the aversion they feel for the city, 
growing largely out of what they see of it as they enter 
or leave it, means a serious loss. Some one has well said 
that the gateway of a large city is its railway terminal, 
and from this gate the great majority gain their impres- 
siens. What has already been done in Buropean capitals, 
and in this country in some of our larger cities hardly 
needs to be referred to. By co-operation of the railway 
companies, the municipality, and public-spirited citizens, 
the railway terminals in Boston, which for a long time 
were anything but a credit to that city, have been brought 
up to a high and creditable standard. Immense sums 
are at the present time being spent for this purpose in 
New York City and in Washington, and a number of 
other large cities have large and comprehensive plans in 
view. Chicago, the leader of them all in importance as 
a railway terminus, cannot afford to remain behind. 

A difficulty in the problem, and one not to be overlooked, 
is that to carry out the plan in its entirety necessitates 
a readjustment of ownership in much of the real estate 
concerned. In all probability the best way would be to 
pool all property involved within the limits indicated, 
placing it in the hands of a single large corporation, which 
would issue securities to the present owners, and be in a 
position to raise sufficient money to carry out the plan. 


MARY’S PARK TUNNEL, N. Y. C. & H. R. R. R. 


tunnel work will be of particular interest to con- 
tractors and engireecrs as furnishing a precedent 
for similar work in tough rock. 


The ton heading, Fig. 3, was first driven from 
portal to portal, its dimensions being § x 12 ft.. 
and the position of the drill holes being as shown. 
Both dynamite and joveite were used in the head- 
ing blasting; the dynamite being 60%, and the 
joveite of an equivalent grade. There was no 
material difference in the work done by the two 
kinds of explosives, pound for pound, and the 
average cmount used was 6 Ibs. per cu. yd. of 
rock. The heading averaged 4 cu. yds. per lin. ft. 

Tne bench is being taken out in two lifts, as 
shown in Figs. 4 and 5, the upper lift or bench 
being kept just in advance of the lower bench. 
Two rows of holes are drilled in each bench, 
charged and fired in the order shown, the ‘a 
holes being set off in the first blast, then the “b’ 
holes, then the “c’”’ holes. The resulting break- 
ing up or the rock is excellent; the writer hs 
never seen a better example of heavy blasting |: 
a tunnel. The huge muck heap is attacked by 
steam shovel, Marion Model 20, Fig. 1, having 
yard dipper. Before blasting, the shovel is hau! 
back about 100 ft. by a line from the hoisting « 
gine which handles the muck cars. These ¢ 
are each of 5-cu. yd. capacity, aad average abo’ ' 
2% cu. yds. of solid rock per toad. They © 
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+ in trains of two by a hoisting engine, 
= the approach cui, and up an inclined 
sorted on blocking and trestle, having 
7 t rise to carry the empty cars back by 
a \s soon as the loaded train passes out 


‘el, the empty train runsin. The muck 
skips by a derrick located on the bank 
. approach cut, and dumped either into 
-to a dump heap. This dump heap js 
stock pile for the crushing and con- 


Fig. 2. St. Mary’s Park Tunnel Section. 


crete-mixing plant, which will be described in a 
subsequent issue. The shovel is now working 
about 350 ft. from the south portal of the tunnel, 
and is giving perfect satisfaction. The crew 
operating it consists of the two shovel men, four 
pit men and a pit boss, 

The contractors for this work are The United 
Engineering & Contracting Co., 13-21 Park Row, 
New York City, of which company Mr. D. L. 
Hough, M.. Am. Soc. C. E., is president. The su- 
perintendent of the tunnel and approach work is 
Mr. H. H. Marden, Jr., M. Am. Soc. C. E. 


NOTES FROM THE ENGINEERING SCHOOLS. 


UNIVERSITY OF WISCONSIN.—The Carnegie 
Institution of Washington has recently made 
a grant of $2,500 to Professor C. F. Bur- 
gess of the Department of Applied Electro- 
Chemistry of the College of Engineering, to aid 
him in carrying out investigations upon the prop- 
erties of pure iron and its alloys. During the past 
three years Professor Burgess has developed a 
method of producing iron electrolytically of a very 
high degree of purity, in a manner similar to that 
employed in the refining of copper. Previous to 
this work pure iron had been obtained only in very 


Fig. 3. Front View and Plan of Holes in the 
Heading. 

small quantities and at excessive cost, but Pro- 
fessor Burgess is now able to produce compara- 
Uvely large quantities at a small cost, using for 
this purpose a.cheap grade of steel. Careful anal- 
ysis of this product fails to show the presence of 
any ‘vreign element, with the exception of hydro- 
sen, which can readily be driven off by heat. 
There ig already a considerable demand for this 
iron for scientific purposes, and about half a ton 
has already been made. : 


WORCESTER POLYTECHNIC INSTITUTE.— 
The thirty-fifth annual catalogue shows that the 
force of instruction consists of a faculty of 16 
prcfessers and assistant professors, and 21 in- 
structors and assistants, besides many assistants 
in the Washburn Shops. The student enrolment 
is the largest yet recorded, being 324. The list of 
graduates shows that 992 are now living. 

RENSSELAER POLYTECHNIC INSTITUTE.— 
The trustees of the Rensselaer Polytechnic Insti- 
tute have decided to buy at a cost of $125,000 a 
plot of land adjacent to the land upon which the 
Electrical Laboratory is situated. This land is at 
the head of the main cross street of the city, and 
the building for which Andrew Carnegie donated 
$125,000, will be situated upon it. Mr. J. J. Al- 
bright, of Buffalo, of the class of 1868, has sub- 
scribed $50,000 towards the erection of a new 
Chemical Laboratory. The existing Chemical 
Laboratory is finely equipped but on account of 
the recent increase in the number of students at 
the Institute, it is found to be too small. The new 
Chemical Laboratory will also be placed upon the 
property to be bought. The extension to the 
Electrical Laboratory is nearly completed. Part 
of the addition is now being used for class work. 
In consequence of the gift of $100,000 received for 
the Endowment Fund of the Institute the sal- 
aries of the heads of the departments of Descrip- 
tive Geometry, Chemistry, Pure Mathematics, 
Electricity and Physics have recently been in- 
creased. The number of students is the greatest 
in the history of the school. 

ESTIMATES FOR A MUNICIPAL LIGHTING PLANT 
for New York City have been submitted to Mayor Me- 
Clellan by an expert commission, made up of Messrs. 
Cary T. Hutchinson, Geo. F. Sever and Nelson P. Lewis. 
This commission estimates that the total cost of a system 
capable of covering the Boroughs of Manhattan and the 
Bronx with 6,000 are lamps and 250,000 16-c. p. incan- 
descent lamps will be about $4,100,000, exclusive of the 
cost of the real estate. 

The report places the total cost of a power station, with 
a capacity of 10,000 kilowatts, including coal storage, coal 
handling apparatus, building, complete boiler plant equip- 
ment, engines, generators, switchboards and interest dur- 
ing construction, but excluding real estate, at $1,250,000. 
The total cost of high pressure cables, sub-station build- 
ings, transformers, switchboards, are lighting circuits, 
centres of distribution for incandescent lighting, lamp- 
posts, lamps, meters and all appliances necessary to make 
a complete operative plant, up to and including the lamps, 
including the cost of real estate but excluding the cost 
of the main duct system, all for the capacity of 6,000 
watt arc lamps in Manhattan and The Bronx and for 
250,000 16-c. p. incandescent lamp equivalents, will be 
2,850,000, 

The committee estimated that the total annual cost of 
operating a 7.5 ampere, inclosed, alternating current arc 
lamp for 4,000 hours a year, including all costs, would 
be $75.40 a lamp. The total cost for the supply to the in- 
candescent lamps would be $5.15. The total cost of oper- 
ating this plant for 6,000 arc lamps and 250,000 16-c. p. 
equivalents, including all operating expenses, depreciation 
of 7.5% and interest at 3.5% would be $906,000. 

The committee has not included in its estimates the cost 
of construction of ducts for cables nor any rental charges 
for duct space. 

The general plan of the committee contemplates the 
construction of one power station for the supply of Man- 
hattan and The Bronx, a second for Brooklyn and Queens, 
and a third for Richmond. The stations for Manhattan 
and The Bronx and for Brooklyn and Queens would be 
interconnected, so that each could supply either borough. 

The station for Manhattan and The Bronx should be 
placed on the East River in Manhattan, but as this cannot 
be determined at once, the committee assumes that this 
plant will be erected on the east side of Blackwell's 
Island 

For Brooklyn and Queens an excellent water-front site 
is available sufficiently near to the site of the proposed 
Manhattan plant to permit easy cross connection by way 
of Blackwell's Island Bridge. 


THE PENNSYLVANIA RAILROAD SYSTEM, includ- 
ing all railway lines owned and operated by and associ- 
ated in*interest with the Pennsylvania R. R. Co., had a 
total extent on Dec. 31, 1904, of 10,588.25 miles of main 
line and 21,188.51 miles of track. These figures are 
taken from the annual publication compiled by the Chief 
Engineer of Maintenance of Way. The Long Island R. R. 
system is included in these totals; but not the Baltimore & 
Ohio, in which the Pennsylvania R. R. Co. holds a large 
but not a controlling interest. 


AN EXPLOSION OF FIVB TONS OF DYNAMITE at 
the No. 3 shaft of the North Kearsarge branch of the 


Osceola Consolidated Mine, Michigan, on Feb. 8, killed ten 
men, severely injured others, and jeopardized the lives of 
many more. The property loss is reported to be consid- 
erable. The dynamite was kept in a magazine under- 
ground. It is surmised that the thawing of the dynamite 
caused the accident. 


A WATER-WORKS RESERVOIR AT FORT WAYNB, 
Ind., failed on Feb. 6. The reservoir was of earth and had 
a capacity of about 3,000,000 gallons. A ecave-in occurred 
on the inner slope and a crack appeared 150 ft. long, and 


IS-18 Holes a 


Side, 
16 Holes 


) 


40 4 
namite 


10 Sticks, 


Fig. 4. Front View of Holes in the Benches. 


in some places 1 ft. wide, along the top of the embank 
ment. 

THE GREENB-GAYNOR CASE was decided by the 
Privy Council of Great Britain on Feb. 8 in favor of the 
United States. The decision of Justice Caron, of Quebec, 
of Aug. 13, 1902, was reversed and the costs of the appeal 
were assessed on Greene and Gaynor. The case is now 
open for a resumption of extradition proceedings in 
Canada to bring these notorious conspirators back to the 
United States and place them on trial. It is now six 
years since Greene and Gaynor were indicted for congpir- 
ing with former Capt. Oberlin M. Carter to defraud the 
United States, and Carter’s investigation and court martial 
took place prior to that time. One would search far to 
find a case where greater delay has occurred between the 
commission of a crime and the bringing of the offender to 
trial. 


MORTAR COMPOSED OF LIME AND BURNT CLAY 
was used extensively in constructing the Asyft Barrage 
completed in 1902, across the Nile, and described in detail 
in a paper by Mr. George Henry Stephens, M. Inst. C. E., 
to the Institution of Civil Engineers on March 15, 1904. 
After being burnt the clay was ground and passed 
through 400 mesh sieve. The best results were had with 
a clay burnt to a light terra cotta color as compared with 
clay burned brick-red and clay burned dark red to purple. 
The ground clay was mixed with slaked lime and sand 
was added to form a mortar. The following are the re- 
sults of long time tensile tests made with various mix- 
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Fig. 5. Side View of Holes in the Benches. 


tures molded into etandard briquettes kept in water after 
12 hours in air: 
Mixture 

by Lbs. per Lbs. per 
volume. Age 1 year. 8q. in. Age 2 years. sq. in. 
3 clay | Maximum.......... 400 Maximum.......... 410 
2 lime | Av. of52 samples.. 272 Av. of 66 samples.. 320 


1 clay jMaximum......... 805 Maximum.......... 850 
1 lime (Av. of 33 samples.. 239 Av. of 25 samples.. 291 
Maximum.......... 820 Maximum.......... 876 
sand Ay. of 37 samples .. 259 Av. of 55 samples... 280 


ENERGY CONSUMPTION IN POLYPHASE ELECTRIC 
traction on the Valtellina Ry. of the South Italian Rail- 
way Co. during the past operating-year was as follows: 
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Total energy generated, measured by the switchboard 
watt-meters, 3,420,000 KW.-hrs. Total traffic, 52,493,000 
ton-milee (in tons of 2,000 Ibs.). The energy generated 
per ton-mile was, therefore, 65 watt-hours per ton-mile. 
This figure includes: losses in machinery and conductors, 
current for lighting cars and stations, current for switch- 
ing service, current for driving the machinery in repair 
shops, etc. On a test run with a 125-ton train the energy 
consumption required only for running and lighting the 
train was found at 51 watt-hours per ton-mile. This in- 
cludes losses in generation and transmission. The figure 
includes 2.6 watt-hours per ton-mile, average, energy re- 
turned to the line in downhill coasting and in braking. 
Had this not been returned the energy consumption would 
have been about 54 watt-hours per ton-mile. The amount 
of energy consumed in switching, in station lighting, shop- 
driving, etc., compared with the energy used for moving 
and lighting trains, will naturally vary greatly among dif- 
ferent railways. The last-given figure, 51-54 watt-hours, 
should therefore be taken in preference to the gross figure 
65 watt-hours, in applying the resulte on this line to 
other railways. The trains operating on the Valtellina 
line vary greatly in speed and weight; the heavy freight 
trains reach nearly 400 tons weight. The density of 
traffic during the year 1903-04 was 581,545 ton-miles per 
mile of line, 


PERSONAL. 
Mr. Edward P. Byrne has been appointed City Engineer 
of Medford, Mass. 
Mr. James F. Bigelow has* been reappointed City En- 
gineer of Marlboro, Mass. 


Mr. George A. Carpenter has been reappointed City Bn- 
gineer of Pawtucket, R. I. 

Mr. Thomas C. Camp has been elected Superintendent 
of Water-Works of Newport, Vt. 

Mr. George A. Carter has been reappointed Superin- 
tendent of the Water Department of Chicopee, Mass. 

Mr. Daniel F. Sullivan has been elected Superintendent 
otf Water-Works of Dallas, Tex., to succeed the late 
Thomas H. McGraw. 

Mr. Alfred Lovell has been appointed Superintendent 
of Motive Power of the Atchison, Topeka & Santa Fe Ry., 
with headquarters in Chicago, I11. 

Mr. F. H. Latimer has been appointed Chief Engineer 
for the Southern Ohawagan Development Co., and will 
make his headquarters at Penticton, B. C. 

Mr. F. W. Dalrymple, formerly City Engineer of James- 
town, N. Y., has been appointed City Engineer of Bayonne, 
N. J., succeeding Mr. Emmett Smith, who resigned that 
position a short time ago. 


Fred. C. Davis, for the past 7% years in the employ of 
the Metropolitan Water Board of Clinton, Mass., has re- 
signed his position to accept a position with the U. 5. 
Reclamation Service in the West. 


Mr. J. H. Hargreaves has been appointed Public Works 
Commissioner and City Engineer of Edmonton, Canada. 
Mr. Hargreaves was connected fornmierly with the city 
engineer's department of Winnipeg. 


Mr. W. D. Lovell, M. Am. Soc. C. E., sailed from New 
York Feb 15 to take up abroad some investigations in his 
special line of work, namely, water supply. His investi- 
gations will cover a period of several months. 


Mr. Claude L. Gargot, EB. M., has resigned as BPngineer 
of the Kountze Bros. West Virginia and Kentucky Coal 
interests and has opened an office in Williamson, W. Va., 
for the practice of Civil and Mining Engineering. 


Mr. George H. Stevenson has resigned his position as 
Superintendent of the Bessemer Water-Works Co., of 
Bessemer, Ala., and will in the future devote his time to 
the office of land agent of the Bessemer Coal, Iron & 
Land Co. 


Mr. F. H. Todd, M. Am. Soc. C. E., has resigned as 
Engineer for the Sabine Produce & Irrigation Co., of 
Orange, Tex., and henceforth will engage in private 
practice, making a specialty of irrigation and water power 
development. Mr. Todd will be located at El Paso, Tex. 


Mr. John B. McDonald, the contractor who built the 
New York Subway, has had compiled a newspaper history 
of the opening of the road. The history, which was com- 
piled by a press clipping bureau, is made up of every- 
thing printed on the subject in the larger newspapers of 
the country. 


Mr. Charles Evan Fowler, M. Am. Soc. C, E., delivered 
a lecture before the engineering students of the University 
of Washington, at Seattle, Feb. 3, on “‘The Relation Be- 
tween the Engineer and the Contractor.” This is the 
first of a series of six lectures on the Law of Contracte 
and Specifications. 


Mr. W. G. Cooper, formerly Secretary of the R. H. Hood 
Co., and Mr. J. M. Evans, C. E., who was Superintendent 
for the same company, have formed a copartnership to 
carry on a general contracting business Their present 
address is 1043 Bergen St., Brooklyn, N. Y., and they will 
shortly open offices in New York City. 


Mr. H. 8S. Reynolds, who, for the last four years, has 
managed the Stone & Webster interests in Columbus, Ga., 
consisting of all the street railway, electric light and gas 
properties in that city, has resigned to accept a position 
in the Operating Department of J. G. White & Co., En- 
gineers and Contractors, 46 Exchange Place, New York, 
where he will reside in the future. Before going to Co- 
lumbus, Ga., Mr. Reynolds was connected with the Brock- 
ton, Mass., Street Railway Co., in charge of construction. 
Mr. Reynolds was graduated from Massachusettes Institute 
of Technology in the class of 1894, and since graduation 
has devoted his entire time to the construction and opera- 
tion of street railway, electric light and gas plants. 


Obituary. 

William K. Ackerman, President of the Illinois Central 
R. R. from 1877 to 1884, died of heart disease Feb. 7, at 
his home in Chicago, 

Roe H. Smith, a contractor, died of heart failure Feb. 
11, at his home in Flushing, N. Y. He is said to have 
laid all the macadamized roads in that town. He was 70 
years old. 


Mr. John A. McDonald, M. Am. Soc. C. E., Chief Engi- 
neer of the Russian-American Steel Company's works at 
Mariopol, Siberia, was shot and killed by a Russian Col- 
onel of Engineers about two months ago, because he re- 
fused to permit certain material to be taken away from 
the works without being receipted for. Mr. McDonald 
was formerly in the employ of the Carnegie Sieel Co. at 
Pittsburg. Mr. Chas. Francis, M. Am. Soc. C. E., algo in 
the employ of the same company, was imprisoned but was 
later released through the intervention of the American 
Ambassador, and has since returned to the United States. 


James C. Spencer, formerly Vice-President of the Mil- 
waukee & Northern R. R., died Feb. 2 at Miami, Fla. 
aged 76 years. Mr. Spencer began his railway work in 
1848 when he became rodman on the New York & Erie 
R. R. He was Assistant Engineer for the Hudson River 
R. R., from 1849 to 1851, and Resident Engineer of the 
same road from the latter date to May, 1852. He then be- 
came Resident Engineer of the Chicago & Mississippi Ry., 
holding this position until 1856. In January, 1861, he 
was appointed General Manager of the Milwaukee & Prai- 
rie du Chien, now a part of the Chicago, Milwaukee & St. 
Paul, and dating from October, 1875, was for many years 
Consulting Engineer of the Pittsburg, Ft. Wayne & Chi- 
cago. He was appointed Receiver of the Milwaukee & 
Northern in 1879, and in June, 1880, was elected Vice- 
President of that company. He was also for a time Vice- 
President of the Wisconsin & Michigan. 


Sylvester Scovel, an engineer and promoter of Cuban 
enterprises died Feb. 11, in Havana, Cuba, after a recent 
operation for appendicitis. He was Consulting Engineer 
for the U. 9. Military Government in the Cuban Customs 
Service from 1899 to 1902. Mr. Scovel had led an ad- 
venturous life, having served as war correspondent in the 
Cuban-Spanish War, the Spanish-American War and the 
Turco-Greek War. In the Cuban-Spanish War, he lived 
with the insurgents for eleven months at different visits, 
running the Spanish military and police lines 20 times 
before being captured and imprisoned by the Spaniards 
at Sancti Spiritus, Cuba. Pressure was brought to bear 
by the U. 8S. Government and Mr. Scovel was released. 
After the Turco-Greek War Mr, Scovel was sent to Spain 
and then to the Klondike, thence to Havana, arriving 
there just before the blowing up the Maine. He was with 
the United States army and navy till the American occu- 
pation of Santiago and the Spaniard evacuation of Hav- 
ana on Jan. 1, 1899. Previous to entering upon his ca- 
reer as a war correspondent Mr. Scovel was timekeeper in 
blast furnace construction in Tennessee, Assistant Super- 
intendent of Water-Works in Kentucky, a mechanical 
draftsman in Pittsburg, and a promoter in Chicago and 
Cleveland. He was 36 years old. 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


ASSOCIATION OF ONTARIO LAND SURVEYORS. 

Feb. 28, 1905. Annual meeting at Toronto, Ont. Secy., 
Killaly Gamble, Temple Bldg., Toronto. 

AMERICAN RAILWAY ENGINEBRING AND MAIN- 
TENANCE OF WAY ASSOCIATION. 

March 21. 22, 23. Annual meeting at Chicago. Secy., 

L. C. Fritch, 1562 Monadnock Block, Chicago. 
AMERICAN ELECTROCHEMICAL SOCIETY. 

April 25 to 27. Annual meeting ai Boston and Cam~ 
bridge, Mass. Secy., S. S. Sadtler, 39 S. 10th St., Phil- 
adelphia, Pa. 

AMERICAN WATER-WORKS ASSOCIATION. 

May 8 to 12, 19%. Annual meeting,at West Baden, 

Ind. Secy., J. M. Diven, Charleston, S. C. 
INTERNATIONAL RAILWAY CONGRESS. 

May 3 to 15, 1905, at Washington, D. C. Secy. of 
American committee, W. F. Allen, 24 Park Place, New 
York. 

MASTER CAR BUILDERS’ ASSOCIATION. 
AMERICAN RAILWAY MASTBR MECHANICS’ ASSOCI- 
ATION 


June 14-21, 1905. Annual meeting at Manhattan Beach, 
N. Y¥. Secy., J. W. Taylor, The Rookery, Chicago, 
1. 


PACIFIC NORTHWEST SOCIETY OF ENGINEERS.— 
At the February meeting, held at the Council Chamber, 


Seattle, Wash., a paper on “‘Concrete-Stee| Design a 
Construction,”’ was read by Mr. C. F. Graff, of the Gr 
Northern Ry. Secy., Milnor Roberts. 


BNGINEERS’ CLUB OF COLUMBUS.—The annual | 
quet of the club was held at the Hotel Hartman, Col) 
bus, O., on the evening of Feb. 4, under the presiden 
Prof. W. T. Magruder. A number of visitors from or 
cities were present, among them representatives of 
engineers’ clubs of Cincinnati and Cleveland. 
M. Gates. 


MONTANA SOCIETY OF ENGINEERS.—The follow 
officers were elected at the annual meeting, held at Bu: 
Mont., on Jan. 14: President, Mr. E. W. King, of Bo 
man; Vice-Presidents, Messrs. B. H. Dunshee, of Bu 
and E. C. Kinney, of Bozeman; Secretary, Mr. C 
Moore, of Butte; De’egate to the Association of Bngin: 
ing Societies, Mr. S. Barker of Butte. 


Sex y 


CIVIL ENGINEERS’ SOCIETY OF ST. PAUL.—At ; 
society's annual meting, he'd at the Merchants’ Hotel. s 
Paul, Minn., on the evening of Jan. 9, the following off 
cers were elected for the coming year: President, Mr 
S. Starkey; Vice-President, Mr. Oscar Claussen; Secre:a; 
Mr. C.,L. Annan; Treasurer, Mr. J. P. Wolff; Libraria 
Mr. C. R. Winslow; Delegate to the Association of E 


ngi 
neering Societies, Mr. G. R. Wilson. 


IRON AND STEEL INSTITUTE.—The annual meetin 
will be held on May 11 and 12, 1905, at the house of th 
Institution of Civil Engineers, London, England. In th. 
evening of the second day the annual dinner will tak: 
place at the Hotel Cecil. The awards of Carnegie Re 
search scholarships for the next year will be made at 
this meeting. The autumn meeting of the Institute is to 
te held at Sheffield on Sept. 25 to 29, 1905. Secy., B. H 
Brough, 28 Victoria St., London. 


BROOKLYN ENGINEERS’ CLUB.—At the club’s meet 
ing of Feb. 9, 1905, an interesting paper was read by Mr 
R. C. Strachan, on the subject ‘‘Calculation of Stres:e: 
in the Blackwell's Island Bridge.’’ The paper is reprinted 
in full on another page of this issue. Several communi- 
cations in discussion of the paper were read. Mr. Bl 
win Duryea referred to several notable American canti 
levers not mentioned in the list given in the paper, the 
Wabash Ry. bridges at Pittsburg and Mingo Junction, 812 
and 700 ft. in span respectively, and the Thebes bridge 
over the Mississippi, 671 ft. longest span. Commenting 
on the type of frame adopted, Mr. Duryea held that the 
omiséion of the suspended span calls for justification; the 
increase in complexity of truss system must realize coun- 
tervailing advantages, of rigidity, economy, or the like, 
to justify it. Referring to the assumption as to ‘‘prob- 
able’’ maximum live load, he mentioned that a more ac- 
curate method of estimating probable maximum load had 
been used by Mr. Joseph Mayer in designing a railway 
bridge across the North River. Mr. H. W. Hodge, after 
commending the procedure used for the calculation, said 


~that he sees no reason for adopting a semi-continuous 


form of bridge; any slight possible gain in appearance, 
which in fact is not realized, would not be adequate rea- 
son for using this type. A pure cantilever bridge with a 
suspended span of say % the span between piers would 
te fully as rigid and would not suffer from settlement of 
piers, which is always possible. Moreover, with the semi- 
continuous bridge, a difference in expansion of top and 
bottom chord may set up serious temperature stresses, 
and this is not unlikely with bottom chords covered over 
by the roadway. Mr. Joseph Mayer also expressed prefer- 
ence for the ordinary type of cantilever. Mr. L. S. Mois- 
geiff came to the defence of the type of structure adopted. 
The type is not new, several similar but much smaller 
structures having been built in Austria. The design re- 
duces the deflections under live load, Mr. Moisseiff claimed, 
and hence also the vibration. The enormous weight of the 
structure, operates to make the usual rule for economical 
length of suspended span inapplicable. Any suspended 
span would be so heavy, and would require such excess 
for erection stresses, that its economy would disappear. 
Mr. Moisseiff also referred to the detailing of the struc- 
ture ag extremely difficult work, requiring all refinements 
of secondary stress, etc., to be considered. Moreover, the 
individual members are of such size that it is doubtful 
whether the assumed proportionality of strength to area 
holds accurately. 

Mr. O. F. Nichols, Chief Engineer of the Department of 
Bridges, after characterizing the Blackwell's Island Bridge 
2s a contribution of architecture to engineering and hence 
an unfortunate compromise, referred briefly to earlier de 
signs for a bridge at this point, the last of which, pre- 
ceding the present design, was a cantilever of ordinary 
type. He personally believes that a two-span suspension 
bridge is the most suitable for this location. Speaking, 
then, in ome detail of the width and traffic capacity of the 
structure, Mr. Nichols expressed the opinion that the road 
way as designed is far too narrow to accommodate th: 
street traffic which will come upon it. He expects that th: 
roadway will be overcrowded as soon as the bridge | 
opened. The provision of two lines of elevated railwa» 
ag originally made, would also have proved a serious e” 
ror, but the four tracks now provided will suffice ‘ 
some years. One or two details of thé structural desi: 
were also discussed by the speaker. Secy., Jos. Stracha 


| = 


nary 
sion 
ting, 
the 
oad 


ENGINEERING LITERATURE 


to ENGINEERING NEWS. 


New York, February 16, 1905. 


CONTENTS. 
RIAL: 


rorced Concrete Now an Accepted Term.—Books ye 

Containing Information on Shaft-Sinking....... 179 

QSPONDENCE: 

{ “9 Sign of Bending Moment: Sanford A. Moss. 
smoke Prevention and Fuel Economy: A. Be- 

ment.—Names for Steel Foundry Products: E. R. 


VIEWS: 
Engines and Producers. Reviewed by Prof. _ 
Storm Bull 180 
e Selence Year-Book....... 181 
Naval Constructor. Revie ved by Prof. Amasa 
.e Downfall and Uplift of a Chicago Architect.... 151 
he Mineral Industry During 1003.............+... 181 
<+ructural Designers’ Handbook. Reviewed by R. 
> Miller 82 
Electrical Laboratory 1s2 
, French Work on Canal Construction............ 183 
‘An Introduction to Pfojective Geometry. Reviewed a 
by Prof. Virgil 183 
Der WasserDau ... 183 
rhe Future of Road-Making in America 183 
suction Gas. Reviewed by Alfred E. Forstall...... 184 
Stresseg in Simple 1s4 
The Constitution of Hydraulic Cement............. 184 
Geological Survey 184 
Sketch Portfolio of Railroad Stations.............+.. 184 
Pioneer Irrigation and Light Railways...... Senden 185 
The Epidemic of Typhoid Fever at Ithaca, N. Y 185 


Storm Bull ......-. ole 86 
Elementary Course in Mechanical Drawing......... 186 
Literary Magazines........... 188 


Publications Received ........... 188 


The indiscriminate use of the terms concrete- 
steel, steel-concrete, reinforced concrete, ferro- 
concrete, ete., for concrete reinforced by steel is 
deplored by a valued correspondent in a letter ad- 
dressed to the editor of this journal. To clear up 
the confusion the writer of the letter suggests 
that ergineers should endeavor to settle upon 
some one term and use it to the exclusion of all 
others. The term chosen by our correspondent as 
best meeting the 2ase is steel concrete, the argu- 
ment for the choice being that the material under 
consideration is a special kind of concrete in 
which steel is just as truly an ingredient as is the 
cement, sand or stone, and as we have natural 
cement concrete and Portland cement concrete, 
so should we have steel concrete. We shall not 
attempt to weigh the merits of the term steel 
concrete as compared with the other terms 
named, and we do not as a matter of fact believe 
that abstract considerations of fitness will have 
much to do with the matter whichever the term 
may be that is finally chosen. Meanwhile it may 
be remarked that two prominent engineering or- 
ganizations, the American Society of Civil Engi- 
neers gnd the American Railway Engineering and 
Maintenance of Way Association, have expressed 
themselyes in favor of the term reinforced con- 
crete, that the engineering papers generally use 
this term, and that practicing engineers are about 
equally divided between it and the term concrete- 
steel. The facts being as stated it would seem 
advisable to follow the lead thus established for 
the term reinforced concrete, rather than to set 
up « less favored term, however reasonable and 
logical its derivation may be. 


Books Containing Information on Shaft-Sinking. 

A correspondent who desires to secure informa- 
tion on shaft-sinking has sent us the following 
letter, to which we append an answer: 

We have been investigating the subject of shaft-sinking 
with particular reference to coal mine shafts, and have 
examined the following books: 

“The Colliery Manager’s Hand Book,’’ by Caleb Pamely; 
“Coal Mining,”” by T. H. Cockin; ‘‘Coal Mining,’’ by 
James Tonge, Jr.; ‘‘A Conversation on Mining,’”’ by Wm. 
Hopton; “A Manual of Mining,’’ by M. C. Ihlseng, and 
“Coal and Metal Miners’ Pocket Book,’’ by the Technical 
Supply Company. 

The above named books may cover the subject as thor- 
oughly as any others published, but they do not give us as 
much information as we desire to get. We shall appre- 
ciate it very much if you can supplement this list from 
your own knowledge and experience. 


Of the American beoks that treat of shaft-sink- 
ing, our correspondent has mentioned two: Ihl- 
seng's “ Manual of Mining,” and the “Coal and 
Metal Miners’ Pocket Book,” the former having 
40 pages on shaft-sinking in the latest (4th) edi- 


tion, and the latter 6 pages. There are three 
other American books in which shaft-sinking is 
discussed. The oldest of these is Drinker’s ‘“‘Tun- 
neling,” which has a 97-page chapter on sinking, 
a large part of which is taken up with illustra- 
tions showing methods of timbering shafts. This 
chapter is the longest on the subject ever published 
in any book; and, in spite of the fact that it has 
not been revised since 1878, much of the matter 
(excepting the cost data) is applicable to-day. 
The price of the book ($25) stands in the way of 
its common use. 

Gillette’s “Rock Excavation: Methods and 
Cost,”” contains a short chapter giving brief de- 
scriptions of methods of attack and the actual 
costs of shaft-sinking in rock in several different 
American mines. The itemized cost data on 
shaft-sinking and timbering are up to date and 
more complete than are to be found in any other 
book. References are also given to a number of 
recent articles on shaft-sinking. Data given in 
other parts of the book, relative to drilling and 
blasting, also apply to shaft-sinking. 

Taking up books by English authors, we find 
that Pamely’s book (mentioned by our corre- 
spondent) contains 22 pages on shaft-sinking. 
We have examined nine other British books; the 
names of which and the number of pages in each 
devoted to shaft-sinking will now be given: 

“Deep Level Mines of the Rand,’’ by G. A. Denny, 4 
pages and 3 folding plates showing timbering. 

“The Miner’s Handbook,”’ by John Milne, 8 pages. 

“A Text Book of Ore and Stone Mining,’’ by C. LeNeve 
Foster, 1 page on sinking in rock, and 14 pages on sink- 
ing in quicksand, and 10 pages on timbering and lining. 

*Mining,’’ by Arnold Lupton, 60 pages on sinking, in- 
cluding descriptions of drills, cages, etc. : 

“Economic Mining,’’ by C. G. W. Lock, 8 pages. 

“Gold Mining and Milling in Western Australia,”” by A. 
G. Charleton, 10 pages. 

“An Elementary Text-Book of Coal Mining,’’ by Rob- 
ert Peel, 20 pages. 

“Coal Mining,’’ by H. W. Hughes, 36 pages. 

“Practical Coal Mining,’’ by G. L. Kerr, 36 pages. 

A cursory examination of all these chapters on 
shaft-sinking in these British works shows that 
for the most part the authors have copied one an- 
other cr have copied from the same original pa- 
pers on shaft-sinking. Moreover, the chapters 
are in most cases so short that the description 
of shaft-sinking is sketchy. Even the chapters 
that are relatively long are practically short, be- 
cause so many kinds of shaft-sinking are touched 
upon. Special processes for sinking in quicksand 
cften receive more space than is given to sinking 
in ordinary kinds of rock. The number of pages 
is not necessarily a criterion of the value of a 
chapter, for one hint from a practical man, al- 
though it occupies but few lines, may be worth 
the price of the book a hundred fold. 

Unfortunately, few of these English books ap- 
pear to have been written by engineers experli- 
enced in shaft-sinking. Nor have the authors 
availed themselves of the best that exists in print 
in technical journals. 


CORRESPONDENCE. 


On the Sign of Bending Moment. 


In the ‘‘common theory of the flexure of beams’’ the 
“bending moment’ about a given point on the neutral 
axis is defined as the sum of the moments about that 
point of all external forces between the point and either 
end of the beam. The bending moment M as thus defined 
enters into the well-known fundamental equations of the 
theory of flexure, 

Me M 
3s = ————, and = 
I dx? El 

Considerable confusion existe concerning the sign of a 
bending moment and no consistent convention is used by 
the various writers on the subject of flexure. In some 
cases a writer uses different conventions in different 
places. In other cases the convention used ie not stated. 
In many instances the convention used is such that 
stresses and deflections come out negative at times, re- 
gardiess of meaning. In one case a writer uses the 


sign + in the above equations, the idea being that such a 
sign is to be chosen as will make the stresses and detlec- 
tions positive in each case. For simple cases the con- 
fusion does not cause any difficulty, as the character of 
the stresses and deflections are known by general con- 
siderations, and independently of the signs given by the 
equations above. For complicated or unfamiliar cases, 
the confusion may often become gerious. 

It will be the purpose of this note to show that there 
is no reason for any confusion in this matter, and to de- 
velop a very simpie and rational convention for the sigh 
of a bending moment. If this conveniion be used the 
stresses and deflections will have signs according to a 
consistent syétem, and a negative stress or deflection will 
have meaning. 

As is usual, we assume as the axis from which deflec- 
tions are measured, the line of the neutral axis of the un- 
loaded beam. Values along this axis are denoted by x, 
and deflections from it by y. We will assume a horizoxntal 
beam, although the results are of course perfectly general 
and apply to any inclination. We will count downward 
deflections ag positive, so that upward detlectfons will be 
negative. That is, if the value of a deflection comes out 
positive, it indicates a posiiion of the neutral axis below 
the zero line, and if it comes out negative, a positica 
above the zeio line. 

It is convenient in beam problems to take the 
positive direction of x sometimes as being toward the 
right, and sometimes toward the left, 90 that x may al- 
ways be positive. Ag will be seen presently, the direction 
in which we suppose x positive affects only the sign of 
dy/dx and has no effect on other signs. Sometimes it will 
be convenient in a single problem to count the positive 
direction of x toward the right for some segments of the 
beam, and toward the left for other segments. No con- 
fusion is caused thereby if we note that the meaning of 
the sign of dy/dx only is reversed, as will be shown 
presentiy. 

If x is positive toward the right (y being positive down- 
ward as stated) then dy/dx is positive when the tangent 
to the elastic curve slants downward from left to right, 
as in the case of a cantilever, with support at the left 
and load at the right. If x is positive toward the left, 
dy/dx is positive when the tangent to the elastic curve 
slants downward from right to left. 

For either positive direction of x, the value of d*y/dx? 
is positive for curvature such that a positive tangent to 
the elastic curve makes a successively increasing angle 
as we proceed in the positive direction. Reflection will 
show that for either case this is the necessary and suf- 
ficient condition that the elastic curve is conver upwards. 
Hence, in any case, a positive value for d*y/dx? indicates 
that the elastic curve is convex upwards, ag in the cass 
of a cantilever. A negative value indicates contrary 
curvature, as in the case of a beam supported at both 
ends. 

If the elastic curve be convex upwards, there must be 
tension on the upper fibers and compression on the lower 
ones, and hence this state of affairs corresponds to a 
positive value of d*y/dx*. Therefore, when writing for 
any particular case the value of M for forming the equa- 
tion, 


we must arrange the signs so that d*y/dx? will be posti- 
tive when the bending moment is such as to cause ten- 
sion on the upper fibers, and compression on the lower 
ones. That is to say,a bending moment with such adirection 
must accompany a positive value for d*y/dx?. Since B 
and I are essentially positive, this is accomplished by 
assigning a positive value to the bending moment itself 
when in such a direction. The rule for the sign of a 
bending moment, therefore, comes out as follows: 

Rule:—A bending moment tending to cause tension on 
the upper fibers and compression on the lower ones, is 
to be counted ag positive, while one tending to cause 
tension below and compression above is negative. 

The total bending moment in any case is, of course, the 
algebraic sum of all positive and negative moments due 
to individual forces. It is to be noted that this rule is 
equivalent to etating that a positive bending moment 
tends to cause curvature such as is found in a cantilever, 
while a negative bending moment tends to cause curva- 
ture such as is found in a beam supported at both ends. 
It is also to be noted that the sign of a bending moment 
cannot be given by the direction in which it tends to 
cause rotation, since a positive bending moment tends to 
cauee counter-clockwise rotation if at the left of the 
point about which moments are taken, or clockwise rota- 
tion if at the right. 

Some writers fix the sign of a bending moment by the 
direction of rotation, regardless of the relative position, 
with the result that their stresses and deflections come 
out positive and negative without any meaning whatever. 

According to our rule, the bending moment due to a 
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load {is always positive, and that due to the reaction of 
a support is always negative. However, the rule applies 
not only to momente due to such single forces, but also 
to “couples.” Couples occur when restraining moments 
are exercised by supports at points where a beam sis 
‘fixed,”" and when a portion of a beam is supposed to 
be removed and replaced by forces equivalent to the in- 
ternal forces at the point of section. Usually such a 
couple is originally unknown and is represented by an 
undetermined constant m, which is solved for in the 
eourse of the investigation. This m is initially to be 
supposed positive, that is, of such direction as to cause 
tension above and compression below. If the finally de- 
termined value of m comes out negative, then the direc- 
tion is opposite to that assumed. In the treatment of 
continuous beams and the development of the _ three- 
moment theorem, an undetermined couple m arises, equi- 
valent to internal jorees of a point of section, and the 
rule of signs here developed becomes particularly useful. 

If the above rules be followed in forming the bending 
moment, it is evident by virtue of the relation, 


Me 


I 
that the stress will have the same sign as the bending 
moment, since c and I are essentially positive. Hence: 
A positive value for the extreme fiber stress indicates 
tension In the upper fibers and compression in the lower 
ones, and a negative value, the reverse. 

Resumé.—In the theory of the flexure of beams, x de- 
notes distances measured along the neutral axis and may 
be taken as positive in either direction. Even in a sin- 
gle problem, the positive direction may be different for 
different segments. Difference in the positive direction 
for x reverses the sign of dy/dx, and has no other effect. 

In general, a positive bending moment is one tending 
to cause tension on the upper fibers and compression on 
the lower ones, or it is one tending to cause curvature 
such as found in a cantilever, the convex side being up- 
ward. The bending moment due to a downward load is 
always positive, that due to the upward reaction of a 
support is always negative. 

A positive value of the deflection y indicates down- 
ward deflection; a negative value, upward deflection. A 
positive value for the stress indicates tension in the upper 
fibers, and compression in the lower ones. A negative 
stress indicates the reverse, 

Yours truly, 


Sanford A. Moss. 
West Lynn, Mass., January, 1905. 
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« Smoke Prevention and Fuel Economy.” 


Sir: Under the title Smoke Prevention, on page 50 of 
your issue of Jan. 12, appeared a review of a book entitled 
“Smoke Prevention and Fuel Economy.’’ ‘The review con- 
tained some statements which will bear examination. 

Referring to furnaces, the article closes with these 
words: “The real problem is to design a furnace that the 
ordinary $12 a week fireman will not permit to smoke 
in practice, This is a far more difficult problem and one 
that has yet to be solved.”’ Excluding for the present the 
question of amount of pay that the man may receive, 
1 will say that such furnaces as it is stated have not yet 
been developed have been in continuous and satisfactory 
service for some years, and I will express my surprise 
that the writer of the review is not aware of this fact. 
These furnaces to which I refer were devised and installed 
by the Chicago Edison Co. some four or five years ago. 
They consisted of a tile roof suspended from the lower row 
of tubes of water tube boilers and extending nearly the 
entire length of the boilers and having a chain grate 
stoker below. With these tiles in proper condition and 
the roof intact there is no smoke made and it is not in 
the power of the furnace operator to make them smoke if 
he tries. Following the practice inaugurated by the Edison 
Co., the Heine Safety Boiler Co. has adopted this tile roof 
for all of its product; therefore, anyone buying one of 
these boilers, and equipping it with a chain grate stoker 
may secure a ‘“‘smoke proof’’ apparatus. During a recent 
visit to the new and elaborate coal mining operation of 
the Zeigler Coal Co. in Franklin County, IIL, I observed 
the above combination in service and could not determine 
from the appearance of the chimney whether or not there 
was fire under the boilers. At the recent Louis‘tara Pur- 
chase Exposition held at St. Louis the exhibit of the 
Heine Safety Boiler Co. was equipped with this tile roof 
and chain grates. These units made no smoke whatever, 
while all of the others produced smoke, which at times, 
from some of them, rolled out in great volume. The 
ebain grate is the only stoker which can be employed in 
an absolutely smokeless apparatus, because it always 
feeds the fuel with mechanical exactness; the fire does not 
have to be disturbed for the removal of ashes and the 
operator cannot disturb the normal feed of the coal. 

After an extensive experience I have arrived at the con- 
clusion that we are disposed to expect too much from the 
firemen, and that it is quite the fashionable method to 
blame him for things for which the designing engineer 
is responsible. 

The employment of colored glass through which to view 


the fire is an excellent scheme; it, however, ‘s not new, 
Blue eye glasses and spectacles have long been employed 
in connection with operation of open hearth and similar 
furnaces. Many people use them to inspect the flames and 
by the employment of different colors and shades of the 
same color endeavor to discover the condition of com- 
bustion. I, however, never realized any advantage in this 
method and use glasses which enable me to see the fuel 
bed or charge and judge of its physical condition. A 
certain shade of brown glass called ‘‘smoked glass’’ is 
best for the purpose. It is often impossible with the 
unprotected eye to see the fuel bed, but the smoked glass 
not only enables the fire to be seen, but protects the eye 
from the flerce glare. In a number of cases I have had 
the men supplied with these glasses to advantage. 

It is stated that ‘‘pure’’ carbon will not combine with 
oxygen, but that there must be some hydrogen present 
for combination to occur. This does not agree with ac- 
cepted explanation. The gem diamond may be burned if 
the initial temperature is high enough, yet such diamond 
ig considered to be composed of carbon only, or. in other 
words ‘‘pure’’ carbon. The difficulty of ignition of an- 
thracite as compared with bituminous coal is better ex- 
plained by physical than by chemical condition of the 
fuel. 

It is stated that CO is never formed directly. This ap- 
pears to indicate that the reaction is C + 20 = COs, which 
is not in accordance with the sequence of similar re- 
actions. If the process is considered to be other than rep- 
resented by the three following equations: 

(i) C +0O-= CO, 
(2) CO + O = COs, 
CO.+ C = 2CO, 
it would have been in order to have stated the reason for 
such opinion. Very truly yours, 
P A. Bement. 
218 La Salle St., Chicago, Feb. 2, 1905. 
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Names for Steel Foundry Products. 


Sir: In your issue of Jan. 12, 1905, you raised the 
question of the term ‘‘cast steel’’ as applied to foundry 
products. As far as I have heard the term used, I have 
noticed a distinction between the material ‘‘cast steel’’ 
and the ‘‘steel casting’’ as a product of the foundry, but 
I do not consider it conventional, as we say ‘‘cast iron”’ 
and ‘‘cast iron brackete.”’ 

We may say: Iron castings, steel castings, bronze cast- 
ings, etc., in reference to foundry products. We may also 
say: An iron bracket, a steel bracket, a bronze bracket, 
without regard to method of manufacture, but these terms 
are somewhat indefinite and would not be used by techni- 
cal persons, except in reference to objects whose nature is 
known. However, we may say with more appropriateness, 
a cast iron bracket, a cast steel bracket, a cast bronze 
bracket. When we express both make and material a 
hyphen may be introduced, as follows: a cast-iron 
bracket, a cast-steel bracket, a cast-bronze bracket. 

I think that it is desirable to be systematic in choice of 
expressions in this matter, and I would, therefore, sug- 
gest abolishing the use of the term ‘‘cast steel’’ for de- 
noting crucible steel or the cast ingots made for rolling 
mill purposes at both Bessemer and open-hearth steel 
works. Yours truly, 

E. R. T. Berggren. 

New York, Jan, 27, 1905. 


MEDICAL HANDBOOKS.—Issued by The Mutual Life 
Insurance Co., New York. Flexible cloth; 5x7 ins. 
Sent to any address for 3 cts. in postage. No.1: Care 
of Invalids. Pp. 42. No. 2: Emergencies. Pp. 31. 
No. 3: Accidents. Pp. 44; illustrated. No. 4: Poisons 
—Remedies. Pp. 4. 


HEALTH BOOKLETS.—Issued by The Mutual Life In- 
surance Co., New York. Paper; 3% x 5% ings. Noa 
1 to 4: The Summer Series—(1) Sunstroke; pp. 14. (2) 
Drowning; pp. 12; illustrated. (3) Diarrhoea. (4) Ma- 
laria; pp. 23; illustrated. No. 5: Colds and Influenza. 
Pp. 8. No. 6: Freezing. Pp. 14. No. 7: Hemorr- 
hage. Pp. 18; illustrated. 

These handbooks and booklets are of a practical 
character, and their extended use would contri- 
bute materially to lessen the sick and death rates. 
The booklets deserve-particular commendation be- 
cause they put the essential facts on each topic 
so briefly and pointedly. Handbook No. 1 needs 
revision as to the gaseous disinfection of rooms, 
for which sulphur is described and formaldehyde 
ignored, and as to the section on house drains, in 
which it is stated that sewer gas is not so much 
to be feared in itself as because that when 
bubbles of it break ‘ton the surface” (of what not 
stated), disease germs will be carried into the 
room “by the air currents."" As Engineering News 
has so often pointed out, there is no specific sewer 
gas, and sewer air is one of the least likely means 
of spreading disease germs. 


The Choice, Installation and Management of Gas 


Engines and Gas Producers. 
Reviewed by Prof. Storm Bull,* M. Am. Soc. M. E 


MANUPL PRATIQUE DES MOTEURS A GA 
OGENES.—Guide de I'Industriel, de 
Constructeur pour le Choix, l'Installation, la 
et I’Fntretien ces Moteurs et Gazogenes. By R. F 
Mathot, Ingénieur-Conseil, M. Inst. M. E.. M Soo 
de ye Ch. Béranger. Cloth 

* ns.; pp. 247; tables a 5 ‘ 
text. 1250 francs or $3.73.) in the 


If a person did not know beforehand that th: 
autnor of this book has had an unusually larg: 
and varied experience with gas engines and gas 
producers, there cannot be any doubt but that he 
would be convinced of the fact after reading th: 
book. The title indicates very clearly what th» 
author has intended to accomplish: to give prac- 
tical advice to both engineers and designers in 
the choice, installation, rurning and maintenanc- 
of gas engines and gas producers. It ought to be 
stated at the outset that he has succeeded admir- 
ably. 

Before a short synopsis of the book is given, 
however, it seems advisable to correlate it with 
some books- which the writer has recently re- 
viewed for this supplement: “Die Verbrennungs- 
motoren” (May 14, 1903), by Giildner, and “The 
Ges Engine” (Dec. 10, 1903), by Hutton. Giild- 
ner’s book was primarily written for the designers 
of gas engines. It gives the most elaborate details 
of all modern gas engines, and as elaborate rules 
and formule for their design. Necessarily, the ad- 
vantages and disadvantages of the various designs 
are thoroughly discussed, and, incidentally, diffi- 
culties in operation are mentioned; but these diffi. 
culties are not touched upon in order to instruct 
anybody in running the engine or for the purpose 
of guiding some engineer in selecting a gas engine 
for a special purpose. The object is, as stated 
above, to furnish information for the designer and 
manufacturer of gas engines. For the same pur- 
pose the book also describes and illustrates the 
principal types of gas engines of former days. 
Since the review of Giildner’s book was written 
the reviewer has become very familiar with it, and 
he is now more confirmed than ever in his views 
expressed at that time that nothing in the litera- 
ture of the gas engine can be compared with it 
in thoroughness and wealth of information. 

Professor’ Hutton’s book is of yet another kind. 
It covers the theory of the gas engine very thor- 
oughly; it neglects the design altogether except as 
t6 some details which are special to the gasolene 
engine and to the automobile motor. But some 
of the best chapters of the book treat of the diffi- 
culties found in running the engines, and of how 
to test gas engines, so that evidently Hutton's 
book stands between the two others. For 
American practice his book is without doubt the 
best so far published in the English language; 
but it is also certain that the two other books 
would, if translated, fill a want which ought to be 
satisfied. From what has just been stated, it is 
evident that Hutton’s book cannot guide anybody 
in the selection of an, engine, nor does it help an 
engineer in the work of installing one, nor does it 
treat of the comparative cost of installation and 
of running a steam and gas engine plant, a point 
on which M. Mathot gives very valuable informa- 
tion. These points have been mentioned in 
order to fully establish the different character of 
the three books. 

The first chapter in Mathot’s book treats of 
the cost of installing and running gas engines, 
especially as compared with modern steam 
engines. Both ordinary city gas and producer gas 
are considered, and the author arrives at the con- 
clusion that at least for plants of less than 5(W 
HP. the advantage is decidedly in favor of the gas 
engine. He states his belief that even for larger 
plants this advantage, which perhaps now is small, 
will become quite large in the near future. It 
needs hardly to be stated that these contlusions 
are without reference to the use of blast furnace 
or coke oven gas, and also that the absolute costs, 
as quoted in the book, wouid not fit conditions in 
this country, although it is the belief of the re- 
viewer that the relative cost would be very little 
different in this country. 


*Professor of Steam Engineering, University of Wiscon- 
sin, Madison, Wis. 
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nd chapter treats of the selection of a 
as it ought to be affected by the proper 
tbe more important part of the motor. 
y’s thorough knewledge of the subject 
‘pparent here, and his impartiality 


third and fourth chapters the problem 
f tion is discussed in a very clear and 
sive manner, and the very best advice 
as te foundations, location, meters, and 


., r V. takes up the questicn of cooling 
W: om all points of view, and Chapter VI. 
tre ¢ the lubrication of the engine, both as af- 
fec oy the kind of oil and by the manner of 
apl ion. 

yy). ext three chapters treat of the necessary 
eon. ions fer the good running of a gas engine, 
of how to start the engine, and finally, of how to 
deal ith all those minor difficulties and mishaps 
which, up to the present day at least, have fre- 
quentiy occurred in the running of gus engines. 
The treatment of these subjects by M. Mathot is 
remarkably fine. 


Gas engines using producer gas are discussed 
in the tenth chapter, in which attention is called 
to the special requirements for these motors. 
In Chapters XI. to XIII. the producer gas and the 
apparatus for making it is treated in a very 
thorough manner. ‘The illustrations are very ex- 
cellent, and the writer believes that in no other 
book will be found such a complete description 
of the various successful and medern suction gas 
preducers, a subject which the author is especially 
competent to discuss. 

The gasolene engines are considered in the next 
chapter, but it is evident that the author is not 
particularly interested in this class of motors, ex- 
cept as they’are used for automobiles, this fact, 
being of course, due the limited use of gasolene 
engines in Europe except for automobiles. How- 
ever, the author describes a continuous indicator 
invented by him for indicating automobile engines, 
which seems to be thoroughly reliable. 

The last chapter of the book gives instructions 
for the proper testing of gas engines, and finally 
the logs of a number of tests conducted by the 
author, both for engines using city and producer 
gas. lt is perhaps interesting to note that among 
the latter there is one test of an Otto engine 
with Otto suction producer for which the con- 
sumption of coal per brake horse-power per hour 
was found to be only 0.86 lbs. The capacity of the 
plant was only 60 HP., and so-called “lean” coal, 
not anthracite, was used. The average compres- 
sion was 176 Ibs. per sq. in., and that at the ex- 
plosion was 397 ibs. The results are certainly 
very remarkable for so small a unit. 

In conclusion, the writer desires to say that this 
book shows, as is indicated in so many other ways, 
that the United States can still learn a great deal 
about gas engines from European engineers, 


THE SCIBNCE YBAR-BOOK.—With Almanac, Diary, 
Biographical Directory, Summary of Progress in 
Science, List of Scientific Societies and Glossary. For 
14 (first year of issue). Edited by Major B. F. 8. 
Baden-Powell, late Scots Guards, President Aeronauti- 
cal Society; Author of ‘‘War in Practice,’’ etc. Lon- 
don: King, Sell & Olding, Ltd., 27 Chancery Lane, 
W. C. Cloth; 6 x 9 ins.; pp. 168 + 365; illustrated. 


The title to this year-book gives a very fair idea 
of its contents and the purpose of its editor. But 
in addition to what is there noted the book con- 
tains a large number of useful tables, astronomi- 
cal data and matter generally interesting to the 
class of readers for whom it is issued. The sum- 
maries of scientific progress are written by spe- 
cialists in the several branches and concisely state 
conditions to date. One of the novel features of 
the volume is a calendar and engagement tablet, 
so arranged that the calendar is exposed for each 
month through an opening in the front cover. 
The purpose of the editor, which is well carried 
out, is to produce a volume really useful to all in- 
terested in Science, and to add to and improve 
upon the work in succeeding issues; and to this 
end the editor invites criticism and suggestions. 
It is published under the auspices of the “Tllus- 
trated Seientifie News,” succeeding the “Knowl- 
edge Diary and Scientific Handbook” formerly 
issucd in conjunction with “Knowledge,” the latter 


periodical having now been consolidated with the 
“News.” 


A Hand-Book fur Naval Architects and Engineers. 


Reviewed by Amasa Trowbridge,* Ph. B. 


THE NAVAL CONSTRUCTOR.—A Vade Mecum of Ship 
Jesign for Students, Naval Architects. Shipbuilders 
and Owners, Marine Superintendents, Engineers and 
Draughtsman. By George Simpron, M. Inst. N. A. 
New York: D. Van Nostrand Co. London: Kegan 
Paul, Trench, Triibner & Co. Leather; 4% x 6% ins.; 
Pp. S88; tables and 288 figures in the text. $5 net. 
This hand-book is a compilation of rules, for- 

mulas and tables pertaining to shipbuilding, with 
just sufficient descriptive matter to make the ap- 
plication of the rules clear. There is some orig- 
inal matter in the book and a great deal that has 
not before appeared in book form. Very little of 
the material that has been given in previous naval 
architects’ npocket-books appears in this one, but, 
in its place, the author has given very concise and 
complete methods for the designing of ships. He 
has devoted the entire book to the ship itself, 
leaving the question of engines and boilers to be 
dealt with by others. As it ‘is necessary to know 
the power required for propulsion, in order to de- 
sign the ship, rules for finding that have been 
inserted, together with data for estimating the 
weight of machinery for any ship, after finding 
the power required. Merchant ships alone have 
been considered, the book being consequently as 
free as possible from the complications involved in 
warship design. 

The author has endeavored to arrange the 
book in a logical manner, but he has not succeeded 
in attaining his object as completely as might be 
desired. He also repeats somewhat. This is an 
extremely bad thing to do, as it uses up space 
which should be devoted to additional matter and 
makes the book more cumbersome to use. There 
is no need of any repetition in a book of this 
character, if a good index is supplied. When a 
subject has te be looked up in more than one 
place it wastes time and this point should be 
very carefully looked after in making up any ref- 
erence book. Also, the index is not as complete 
as it should be and the table of contents is simply 
a list of headings for which no pages are given. 
On account of this lack of page numbers the table 
of contents is practically useless. Young naval 
architects are the ones who have the most diffi- 
culty in finding what they want in the index to a 
hand-book and they are the ones to whom this 
book will be most useful. 

The book is divided into seven sections, of 
which the last two contain the usual mathemat- 
ical tables and such special tables as are useful in 
ship work. Another section give Licyd’s rules for 
equipment and various tonnage rules. Rigging 
and Ropes are the subjects for another section 
and the Strength of Materials is fully treated, 
tables for the weight and strength of various sub- 
stances being included. 

The first section is devoted to rules for the de- 
sign of a ship. The method for such design is by 
a system of coefficients, values for which are to 
be taken from tables in the book. These tables 
have been computed from successful vessels and 
cover a very wide range, from a steam launch to 
the largest steamships. By the use of these co- 
efficients, it is possible to scheme out the principal 
dimensions to fulfil a given set of requirements 
before the lines are drawn. This enables the 
designer to see what advantage can be taken 
of the Classification Society's rules, so as to build 
the ship with the lightest possible scantlings, by 
making only slight changes in the dimensions. A 
course of procedure is given for working out the 
lines after the dimensions are decided upon. This 
is particularly useful to beginners, but, after one 
has drawn a set of lines, it is probable he would 
vary the sequence of the different steps somewhat. 

A chapter on Freeboard gives a very clear ex- 
planation of this intricate subject. While treat- 
ing of freeboard, the author also explains the 
shelter-deck steamer, which is the latest develop- 
ment for getting ahead of the tonnage rules. 

To aid designers in proportioning propeller 
struts, Mr. Simpson has deduced a formula for 
the area of such struts. He then gives rules for 
the proportions of length to breadth of the cross- 
section, to make a definite design possible. The 
same formula can, by the introduction of con- 


*Adjunct Professor of Mechanical Engineering, Colum- 
bia University, New York City; Late Passed Assistant 
Engineer, U. 9. Navy. 


,Sreat influence in political and financial 


stants, be applied to the designs of spectacle- 
frames which are being used more generally than 
“A” struts for large steamships. No rules are 
given, however, for designing round tubes for 
supporting the shafts, such as were used in the 
Pacific Mail S. S. Co.'s ships “Siberia’’ and 
“Korea.” As this last method would seem to be 
nearly an ideal one for supporting the shaft, with- 
out interfering with the flow of water to the pro- 
peller, rules for designing the tubes would have 
been very welcome. 

The third section of the book is very largely de- 
voted to standardized fittings. By standardizing 
the fittings for ships, the cost can be somewhat 
reduced; hence, the more we use standard fittings 
and details, the better able American shipbuild- 
ers will be to compete with the foreign builders. 
One of the most important fittings is the anchor, 
of which several improved forms are shown and 
tables given for their preportions. Among other 
things a “bill of material” is illustrated which Is 
decidedly useful as an example of a .methodical 
way to order materials and avoid delays and con- 
fusion. 

Throughout the entire work the author has 
given empirical formulas for the solution of any 
problem. In this way he has avoided the use of 
higher mathematics and made a book that can be 
used by anyone who is familiar with algebra. 
This limits the scope of the book somewhat, but, 
despite that fact, it is complete enough for de- 
signing all the usual types of merchant ships. The 
book is certainly up-to-date and should receive a 
warm welcome from all who are interested 
ship design. 


in 


The Downfall and Uplift of a Chicago Architect. 


THE COMMON LOT.—By Robert Herrick New York: 
The Macmillan Co. London: Macmillan & Co., Ltd. 
Cloth; 5% « 8 ins.; pp. 426. $1.50. 

Architects and engineers may here find woven 
into an interesting and impressive story some 
painfully familiar facts about loss of professional 
aspirations and business honor in a mad chase 
after success, as measured by money and social 
rank. A well-educated and very ambitious young 
architect, an old man who made a fortune as a 
bridge builder, and sold out to a bridge trust 
shortly before his death, an unscrupulous build- 
ing contractor, and a cool-headed lawyer with 
circles 
are among the male characters in this book. The 
architect is brought to his senses by seeing a 
building of his own design, which, with his con- 
sent and the connivance of the Chicago building 
department, had been scamped by the contractor, 
go up in flames like tinder and cause the loss of 
many lives. He makes a clean breast of it at 
the coroner’s inquest, and, on being taken in 
again by an architect for whom he worked before 
opening an office for himself, he begins near the 
bottom and makes a truer success than before 
because, although sharing “the common lot” of 
humanity, he is now working towards a higher 
ideal. As may be expected, there is a woman to 
help bring the man to his senses and put him in 
the right way, but the part she plays can best be 
learned from the book itself. 


> 


THE MINERAL INDUSTRY DURING 1963.—Founded by 
the Late Richard P. Rothwell. Prepared by The Edi- 
torial Staff of the Engineering and Mining Journal. 
The work on this volume has been more particularly 
under the supervision of Mr. D. H. Newland. Vei- 
ume XII. New York and London: The Bngineering 
and Mining Journal. Cloth; 6% x 9% ins.; pp. 574; 
tables and figures in the text. &5. : 


This excellent compendiuin of the mineral in- 
dustry in America needs no editorial comment 
further than to call attention to the special arti- 
cles that it contains in addition to the mineral 
statistics. The following are the contributed arti- 
cles and their respective authors, the figures in 
parenthesis indicating the number of pages in 
each case: “The California Asphaltum Industry” 
(6), by F. H. Minard; “Review of the Cement In- 
dustry” (3), by Robert W. Lesley; “Progress in 
the Metallurgy of Copper” (36), by L. S. Austin: 
“Uses and Technology cf Fluorsnar” (3), by F. 
Julius Fcohs; “Production of Gold and Silver in 
the U. S&S.” (8), by T. A. Rickard; “Progress in 
Gold Milling During 1903” (12), by Robt. H. Rich- 
ards; “A Review of the Cyanide Process in 1908” 
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(8), by Charles H. Fulton; “Metallurgical Pro- 
gress in Western Australia” (4), by Alfred James; 
“General Review of the Lead Industry and Notes 
on Manufacturing” (9), by W. R. Ingalls; “The 
Coeur d'Alene District in‘ 1905" (10), by Staniy 
A. Easton; “Recent Improvements ir Lead Smelt- 
ing’ (32), by H. O. Hofman; “The Sudbury Nickel 
Mines” (2), by A. McCharles; “The Petroleum 
Industry of California” (2), by C. T. Deane; “Zinc 
Production and Metallurgy” (44), by W. R. In- 
galls; “Review of the General Literature of Ore 
Deposits” (11), by J. F. Kemp; “Review of Litera- 
ture on Ore Dressing” (24), by Robert H. 
Richards. 


Diagrams and Tables for Structural Designers. 


Reviewed by R. P. Miller,* M. Am. Soc. C. E. 
STRUCTURAL DESIGNERS’ HANDBOOK.—Giving Dia- 

grams and Tables for the Design of Beams, Girders 

and Columns, with Calculations Based on the New 

York City Building Code. By William Fry Scott, M. 

Am. Soc. for Testing Materials. New York: The En- 

gineering News Publishing Co. Cloth; 6 x 9% ins.; 

pp. 158; 34 tables and 74 figures in the text. $2. 

The purpose of this book, as set forth in the 
preface, is to shorten and possibly eliminate 
“much of the computation and drudgery which 
are necessary accompaniments of structural de- 
signing.” A general acquaintance with the sub- 
ject-matter of the book is requisite on the part 
of the reader, as the discussion and analysis of 
the several topics covered are necessarily meager. 
This, of course, is true for any book of tables and 
diagrams. 

The work provides, in a large measure, the es- 
sentials for the design of structures when not 
complicated by truss work or other unusual fea- 
tures. The time-saving is to be accomplished by 
the use of the diagrams, which take up about one- 
third of the volume. These diagrams are supple- 
mented by tables occupying about an equal 
amount of space. The remaining third of the 
volume is devoted to explanations, analyses, and 
other necessary or desirable information, 

In the compilation of the tables and in the de- 
velopment of the diagrams, New York practice, as 
established by the New York Building Code, has 
been closely followed, with a few exceptions. The 
tables and diagrams, too, apply to no particular 
set of shapes of structural steel, but are adapted 
to those of the American Association of Steel 
Manufacturers, and the Fencoyd and Passaic 
mills. Even some foreign structural shapes are 
included. 

The diagrams are well drawn and, considering 
the amount of information in some of them, are 
exceedingly clear. So far, too, as it has been pos- 
sible to check them they have been found accu- 
rate and correct. To any one accustomed to the 
use of diagrams they shouid prove valuable. It 
has, however, always seemed to the reviewer 
much easier to pick out information from tables 
than from diagrams and with considerably less 
chance of error. But a book of tables, covering 
the same ground, would be much larger, and 
therefore less convenient for use. 

At the very beginning of the work the author 
introduces a new term, Seciion-Moment, which he 
defines as “a quantity obtained by multiplying the 
maximum aliowable fiber stress by the moment ot 
inertia of the cross-section and dividing by the 
distance of the extreme fiber from the neutral 
axis.” In other words, it is the moment of re- 
sistance. The term 1s-a convenient one, and its 
value, as given in the tables in Chapter VIII., 
should prove as useful in beam design as has 
been the coefficient of strength of the steel hand- 
books. 

The subject of beam-work, including floor fram- 
ing, spandrel beams and grillage beams, is quite 
thoroughly treated, and occupies nearly one-half 
of the book. The chapter on floor framing is 
certainly the most valuable feature of the volume. 

In the treatment of grillage beams, only the 
concentric footing is considered. Two methods of 
desigring are mentioned. The first, which the 
author states is the one most commonly used, is 
that in which only the projecting portions of the 
beams are considered as subjected to bending. 
The New York building authorities, however, do 


~eChief Engineer, Bureau of Buildings, 220 Fourth Ave., 
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not consider it a correct method, and insist on the 
use of the second method, which takes account 
of the fact that maximum bending moment occurs 
under the middle of the superincumbent layer of 
beams. The concrete which may be placed be- 
tween the beams is not to be relied on for addi- 
tional strength, as the author himself suggests in 
discussing the buckling of the web. 

In the chapter on cast iron columns a diagram 
is shown giving the safe loads according to the 
New York Building Code. The concededly bal 
practice allowed by the New York Building Code, 
however, is recognized, for a second diagram is 
furnished giving the safe loads on cast iron col- 
umns as recommended by the author. These loads 
are about 50 to 70 per cent. of the former, re- 
spectively, for the high and low ratios of length 
to radius of gyration, or, as the author puts it, the 
ratio of slenderness. 

In Chapters X., XI. and XII., treating of loads, 
unit stresses and brick walls, the New York Build- 
ing Code is freely quoted. Non-bearing walls, 
however, in warehouses, are not permitted 4 ins. 
less in thickness than bearing walls, as stated on 
page 130. Such reduction is only permitted in 
“dwelling house walls.” 

The author includes partitions in the dead load 
of construction. An extended experience in such 
matters satisfies the reviewer that partitions 
should be treated as live load. They are not 
generally fixed when the structure is designed, 
and very frequently altered, shifted or extended 
after the building is occupied. 

The live loads given are those specified by the 
New York Building Code. They vary considerably 
in some respects from the practice in other cities, 
and it is a pity that the author did not point out 
the differences. The usefulness of his book would 
have been materially increased thereby. 

Again, in designing the footings of foundations, 
the New York practice is followed. The method of 
designing footings as given by Mr. C. C. Schnei- 
der in a recent paper before the American Society 
of Civil Engineers is a much more rational and 
safer one, and in no way conflicts with the New 
York law. ‘ 

The unit stresses given in Chapter XI. are 
those of the New York Building Code, with the 
exception of the allowable compressive stresses 
for wood across the grain, for which he uses the 
more conservative values recommended by the 
Associaticn of Railway Superintendents of 
Bridges and Buildings. 

Too much has been attempted in Diagram 40, 
giving the thickness and weight of walls for 
varying heights. It is rarely the case that all the 
stories of a building are the same height, and the 
same arrangement is not often repeated. To take 
the thicknesses and weights from the diagrams, 
with any reasonable certainty, would require more 
time than it would take to figure it out from the 
law. Furthermore, as the author shows on page 
130, there are numerous conditions that modify 
the thickneeses given on the diagram. It should 
also be pointed out that the height above the 
foundation wall determines the thickness of a 
wall, not its height above the curb. A more ra- 
tional method, however, would appear to be to 
measure the wall from the top down in fixing 
its thickness. 

No reference is made to what is known in New 
York, under Section 37 of the Code, as “curtain 
wall construction.” This construction came in 
for a large share of criticism at the time of the 
Darlington disaster; though no one has ever con- 
tended that the walls had anything to do with the 
collapse. It is believed, however, that such walls 
are entirely safe, if the following restrictions of 
the New York Building Bureau are closely foi- 
lowed: 

The masonry work throughout must be laid in cement 
mortar. The foundations of the building must be so de- 
signed that the load from the columns and the load of the 
walls are carried together, so that there can be no uneven 
settlement. The metal ties between columns at each 
story must not be imbedded in the masonry, and must 
be set clear of it on the interior. The masonry must be 
anchored to the floor construction at the end of each line 
of tie rods or floor beams. 

In conclusion, attention should be called to the 
high class workmanship and typography employed 
in the production of this volume. 


Two Electrical Laboratory Manuals for Gen: 
Instruction. 


LABORATORY AND FACTORY TESTS IN F& 
ENGINEERING.—By George F. Sevev 
fessor of Electrical Engineering, Columbia | 
sity; and Fitzhugh Townsend, Tutor in E 
Engineering, Columbia University. New 
Van Nostrand Co. Cloth; 6 x 9 ins.: pp xii 
20 tables and 97 figures in the text. ' $2.50 net 


SHORT COURSE IN ALTERNATING-CUI iT " 
ING.—By Fitzhugh Townsend, Tutor 


LECTR 


gineering, Columbia University. New : D. 
Nostrand Co. Stiff paper; 5% x 8% et be 
figures in the text. 75 cts., net. — — 


An excellent manual of electrical machine 
ing is made available in Sever ana Towns: 
“Laboratory and Factory Tests in Electrica; 
gineering.” It is more than a manuai of ;: 
for many of the experiments are such as inst 
in the qualitative rather than the quantit 
behavior of machines. Testing in itself, the ; 
measurement of various elements of a mac}, 
may be gone through without any appreci 
of the operative qualities of the machine, 
qualities which usually define its field of uti 
and its field of troublesomeness. One may |e 
how to determine the efficiency curve of an 
duction motor, and may make the actua! meas 
ments, without finding out that the motor n 
stall under overload, or why it does so. In neari+ 
every course of laboratory tests laid out for st\- 
dents a certain amount of recognition is accorie } 
to experiments of qualitative nature; but in the 
present manual they have received a really broad 
and full recognition, both in the selection of tests 
and in the explanatory and analytical text. 
Herein lies one of the principal merits of the 
book, a feature wnich makes the book 9f much 
value outside of the college laboratory class. 

The text which is built around the framework 
formed by the methods and directions for the 
tests is sufficiently detailed to make the book a 
condensed text-book on electrical machinery. It 
is not elementary, in that the simpler description 
and explanation of the machines is omitted; on 
the other hand, formvlas and theoretical analysis 
are in general not given. The explanation refers 
to operation, and formulas or graphical diagrams 
are given only where needed for this object. The 
text is very lucidly written, although at some 
points too concise for ease in reading. 

The characteristics above suggested seem to 
make the book valuable to many who have no op- 
portunities for testing. Most text-books on electri- 
cal machinery are inadequate in their discussion 
of operating peculiarities, a fact which has several 
times been noted in these columns. Knowledge 
of such matters is usually obtainabie only by in- 
dividual experience, though much of it could well 
be learned from books. The present testing man- 
ual will prove a good study text for those who 
have not ample opportunity to become acquainted 
in detail with electrical machines by personal ex- 
perience. 

The renge of the book and its adaptability to 
its intended use as a manual for laboratory aid 
factory testing may be best judged from a brief 
summary of the contents. The first chapter deals 
with resistance tests, temperature coefficient, et. 
Dynamo and motor operation (dizect current) is 
the subject of the next four chapters. Then al- 
ternating currents are taken up in ten chapters, 
first circuits in general and later the various a. c. 
machines, beginning with the generator. A 
separate chepter on curve tracing is included 
herein. In the closing chapter, distinct from the 
preceding, electrical measurements of pnysica! 
nature are-taken up, such as permeability and 
hysteresis measurements, potentiometer tests, 
calibration of commercial instruments, etc. This 
chapter also includes some storzge-battery tests 
and incandescent-lamp tests. The proportionate 
space given to the three sections of the book is 
best indicated by the respective number of pages: 
Direct-current tests, 105 pp.; alternating-curre!'', 
74 pp,. and physical measurements, 55 pp. 

Mr. Fitzhugh Towusend’s “Short Course in A! 
ternating Current Testing’’ has the same char: 
ter, in a general way, as the preceding wo's. 
Eight sets of experiments are outlined, in e@ 
case preceded by a concise discussion of the 0}: 
ating characteristics of the mgchine in quest 
They deal with: (1) Properties of circuits; (2) «° 
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ing current generator; (3) the voltage 
. generator or of a circuit; (4) the trans- 
(operation, losses and efficiency); (5) the 
motor (operation and efficiency); () 
chronous motor (operation and phase 
ristic); (7) the rotary converter (opera- 
en driven from either end); and (8) opera- 

alternators in parallel. 


\ French Work on Canal Construction. 


- (A Couree in Inland Navigation at the Ecole 
ae des Ponts et Chauesées).—By F. B. De Mas, 
ector-General, Professor at the Ecole Nationale 
Ponts et Chaussées. In Encyclopédie des Travaux 
lies, begun by Mr. C, Lechalas. Paris: Ch. 
cnger. Paper; 6% x 10 ins.; pp. 579; tables, plates 
i figures in the text. 17.5 fr. or $5.20. 
ile in America canals play a small part in 
transportation, Continental European 
tries, generally, have continued to develop 
t early canal systems in conjunction with the 
-« -psion of their railways. It is natural enough, 


therefore, in a series of volumes designed to cover 
the engineering of public works from the view- 
point of European practice that a prominent place 
should be allotted to a volume on canal construc- 
tion. The volume before us seems to be entirely 


worthy of the position assigned to it, if we ex- 
cept the important and rather inexplicable omis- 
sion of any information regarding locks and lock 
gates of the ordinary type. Mechanical devices 
for overcoming high lifts in canals are considered 
in, detail, but there is nowhere a bit of informa- 
tion regarding ordinary miter gate Jock construc- 
tion and operation. Even with this serious omis- 
sion the book is far ahead of anything in English 
on the subject with which it deals. 

The author begins his work with the considera- 
tion of cross-section, alinement and profile, and 
discusses briefly the various legal and physical 
conditions governing these matters, such as state 
laws, resistance to the propulsion of boats in 
narrow channels, the juxtaposition of railways 
and natural waterways, the relative frequency of 
special works, such as bridges, culverts, aque- 
ducts and tunnels, and the possible sources of 
traffic. A particularly good section of this por- 
tion of the book is that devoted to the rational 
determination of transverse section based on re- 
sistance to propulsion. Two chapters are devoted 
to the subjects mentioned, and the two succeed- 
ing chapters discuss, first, structures for canal 
crossings of highways and railways, and, second, 
structures for canal crossings of streams and 
waterways. In considering structures for the 
first purpose, the author classifies them according 
as the highway or railway crosses above, below or 
at the level of the canal, and the bulk of the 
space is devoted to descriptions of movable 
bridges suitable for crossings at or near the canal 
level. Several of the structures sfiown are of 
novel form, and the whole chapter should prove 
of interest ‘to American engineers, many of 
whom may have to rebuild and maintain bridges 
across existing canals, even though never called 
upon for canal construction proper. 

The second class of structures, those for canal 
crossings of streams, are subdivided into four 
classes. The first class comprises culverts and 
siphons for taking small streams under the canal. 
Some 20 pages are devoted to descriptions and 
drawings of these structures. Aqueducts for 
carrying the canal over streams form the second 
class, and some 40 pages are given up to describ- 
ing and illustrating masonry and steel aqueduct 
construction. Crossings at level are illustrated 
by the notable examples of the crossings of the 
Loire canal and the River Loire at Chatillon and 
at Decize, and the rare case of carrying streams 


over canals is exemplified by the steel aqueduct | 


which takes the River Oudan over the Roanne 
canal at Digoin. In discussing aqueduct con- 
struction, the author devotes particular attention 
to ways and means of rendering such structures 
water-tight, and of securing water-tight junc- 
tions between them and the adjacent earth sec- 
tions which they join. 

Chapter V. is an elaborate discussion of works 
for overcoming high lifts. The author divides 
such works into lift locks, inclined planes and 
ship railways. The bulk of the space is devoted 
to lift loeks, and descriptions are given of the 
locks at Anderton, England; at Fontinettes, 


France, and at Henrichenburg, Germany, and of 
the four locks on the new Canal du Centre, in 
Belgium. A number of European and American 
inclined planes are similarly described, and there 
is a brief reference to the several instances where 
ship railways have been proposed. The chapter 
closes with a comparison of the advantages of the 
several methods practiced for overcoming differ- 
ences in level of canals. The succeeding chapter 
is devoted to the important question of conserv- 
ing the water of canals, and it is followed by a 
long chapter on reservoir dams and barrages. In 
a final chapter of 85 pages the author discusses 
the maintenance and operation of canals. 


Projective Geometry. 
Reviewed by Prof. Virgil Snyder.* 

AN INTRODUCTION TO PROJECTIVB GEOMETRY AND 
ITS APPLICATIONS.—An Analytic and Synthetic 
Treatment. By Arnold Emch, Ph. D., Professor of 
Graphics and Mathematics in the University of Colo- 
rado.. New York: John Wiley & Sons. London: Chap- 
man & Hall. Cloth; 6 x 9 ins.; pp. 267; 114 figures 
in the text. $2.50. 


While the tendency of most recent works on 
projective geometry is towards the logical side, 
that is, to develop a system of geometry without 
resource to analysis or space intention, the ap- 
plications have been more and more neglected. 

A healthful reaction is manifest in the present 
book; but little attempt is made at rigor (as the 
word is technically used by mathematicians), but 
an instrument is placed in the hands of anyone 
who reads it for solving and generalizing many 
geometric problems. 

The first chapter derives the usual theorems of 
projective ranges and pencils, perspective and in- 
volution by means of the anharmonic ratio. The 
procedure is essentially analytic, but the geo- 
metric interpretation of each step is carefully 
given. The second chapter deals with collinea- 
tion; it is shown that such transformations are 
made up of central projection and motion, and 
examples show the relation between problems 
which here arise and those of descriptive geom- 
etry. A chapter on the theory of conics contains 
much of the matter of the usual text-books on 
analytic geometry, and also various applications 
of the theory of pole and polar, the theorems of 
Pascal and Brianchon, and the uses of conics in 
problems in mechanical drawing. The next chap- 
ter discusses the conics which pass through four 
fixed points, and new loci derived from two such 
systems projectively related; the cubic curve, de- 
fined by a pencil of conics and a projective pencil 
of lines, is treated at some length, including the 
circular cubic and the discussion of its possible 
forms. The fifth chapter, of over forty pages, 
is devoted to applications to mechanics. After 
discussing statical proofs of projective theorems, 
the gecmetry of stresses in a plane and the reali- 
zation of collineations by linkages are treated 
in much greater detail. First the pantograph, 
Peaucellier’s inversor and Kempe’s translator are 
explained, then these instruments are generalized 
to effect various linear transformations, includ- 
ing perspective. 

A knowledge of trigonometry and plane an- 
alytic geometry is all that is required to under- 
stand the book, which is clearly and carefully 
written. Numerous references to more ambitious 
works are given. 


A Descriptive Text-Book on Hydrography and 
Dams. 


DER WASSERBAU.—By M. Strukel, Professor of Engi- 
neering at the Finland Polytechnic Institute at Hel- 
singfors, Based on lectures held at the Finland Poly- 
technic Institute. In four volumes. Part I, Origin, 
Occurrence and Properties of Water; Dams; and 
Fish Passes. Helsingfors: Férlags A. B. Helios. Pa- 
per; 8 x 10 ins.; pp. 198; 103 illustrations in the text 
and 15 full-page plates appended. Second Bdition. 
14 reichmarks; American price, $4.20. 


A geod atlas of sketches and drawings, ap- 
pendea to the text of this volume, represents its 
characieristic feature. The work is a descriptive 
text-book relating to hydrology and hydrography, 
and the design of dams and fish-ladders. The 
author draws his material from all parts of the 
world, though, of course, his viewpoint is Euro- 
pean. The book does not cover a complete and 
unified subject, as may be judged from the above 

*Department of Mathematics, Cornell University, Ithaca, 


characterization; but this is in part due to the 
fact that the book is only a fragment of a larger 
work, being Part I. of a four-volume treatise on 
Hydraulic Construction. 

The contents of this volume are, in their actual 
order: Circulation of Water, Rainfall, Evapora- 
tion, Ssepage and Ground Water (20 pp.); Sur- 
face Water (54 pp.), including the measurement 
of run-off, stream discharge, velocity, ete.; Weirs 
or Overfail Dams (70 pp.), which include all forms 
ef movatle dams; Dams proper (25 pp.), which 
incluae earth embankments, masonry, fill, steel, 
concrete, and composite dams; and lastly, Fish 
Passes (25 pp.). 

Specia! attention is devoted to actual construc- 
tion, of instruments and structures; each chapter 
and suk Jivision closes with a series of deserip- 
tive paragraphs referring te illustrations given 
in the appended atlas, or in some cases to illus- 
{rations in the (text. Representative structures 
are shown, ana the principal statistical facts, 
dates, etc., given in the descriptive notes, Any 
Value which ine werk may heve for Americaa 
readers will lie in this descriptive portion and its 
illustrations. Piesumiubly the compilation of 
facts has been made with the cure that charac- 
terizes the best European treatises. In the de- 
scription of the New Croton Dam of the New York 
City waiter supply we note that only the original 
design is 1eferred to, in which a pert of the struc- 
ture was earth embankment. ‘The change to full 
masonry construction appears to have been over- 
looked in editing the second edition. 


Road- Making. 


THE FUTURE OF ROAD-MAKING IN AMERICA —A 
Symposium by Archer Butler Hulbert and others 
Being Vol. 15 of Historic Highways of America. Cleve- 
land, O,: The Arthur H. Clark Co. Cloth; 5% «x 7% 
ins.; pp. 211; nine plates. Complete in 16 volumes. 
In sets only. $39 net. 


It is surprising to have fourteen volumes on the 
historic highways of America, from buffalo runs 
and Indian trails to railways, followed by one on 
the present and future of ordinary road-making, 
but the conception of the present volume is in 
keeping with the sociological aspects of the series. 

The editor occupies nearly a third of the book 
with the title-subject, pointing out the miserable 
condition of a large part of our road mileage and 
the relation of good roads to social, educational 
and financial progress. ‘““Government Co-operation 
in Object Lesson Road Work” and “Good Roads 
for Farmers” are reviewed in turn by Messrs. 
Martin Dodge and Maurice O. Eldridge, Director 
and Assistant Director, respectively, of the U. S. 
Office of Public Road Inquiries. Most of the con- 
tents of these sections has a familiar sound to the 
readers of “Good Roads” literature, particularly 
the many quotations from Mr. Isaac Potter, but 
it is to be hoped that the volume will go into the 
hands of many to whom its contents will be new. 

By far the best and most needed twenty pages 
in the book, from our viewpoint, is ‘“‘The Selection 
of Materials for Macadam Roads,” by Mr. Logan 
Waller Page, who is in charge of the Road Mate- 
rial Laboratory, Division of Chemistry, U. S. De-~ 
partment of Agriculture. An equally brief sec- 
tion, which may also be commended, is “Stone 
Roads in New Jersey,” by E. G. Harrison, C. E 


Secretary New Jersey Road Improvement Asso- 


_ ciation. 


The volume might well have been expanded, or 
else some of the space in the first and third sec- 
tions given up, to Méludé more information about 
road improvements in Massachusetts, Connecti- 
cut, New York and perhaps some. other states. 
The Connecticut attempt to extend good road 
work into the poorer and more thinly populated 
towns might well have been ‘described. 


> 


THE SANITARY JOURNAL OF THE PROVINCIAL 
BOARD OF HEALTH, ONTARIO.—Partga I. and TY. ot 
the Report for 1904. Toronto, Ont.: C. A. Hodgetts, 
Secretary. Paper; 6 x 10 ins.; pp. 53; tables. 

Hereafter a quarterly of the name given above 
will take the place of the usual annual report, the 
monthly bulletin and the yearly report of the 

Executive Health Officers’ Association. Labora- 

tory reports will be prepared by Dr. J. A. Amyot, 

Bacteriologist to the board, who, in the present 

Journal, writes on “Interpretation of an Ordinary 

Water Analysis for Hygienic Purposes.” 
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Suction Gas Producers. 


Reviewed by Alfred E. Forstall.* 


SUCTION GAS.—By Oswald H. Haenssgen. Cincinnati: 
zee Gee Engine Publishing Co. Cloth; 5 x 7% ins.; pp. 
88. $1. 


Written, according to the author, to supply the 
lack, in this country, of information on the sub- 
ject of suction gas producers, this little book 
treats clearly and in some detail of the design 
and operation of such producers, and more briefly 
of their first cost, cost of running and possible 
utility and development. 

Producers of this type are of comparatively re- 
cent origin, and have been designed to meet the 
demand for a simpler, cheaper and more compact 
apparatus than the ordinary producer plant for 
the supply of gas for motive power. These ad- 
vantages are obtained by dispensing with the 
boiler and gas holder required by forced draft 
producers, and calling upon the gas engine itself 
to furnish, by means of the suction exerted by 
the piston as it travels out on the charging 
stroke, the power needed to carry through the 
fuel bed the air and steam necessary for the par- 
tial combustion of the fuel, this suction being 
transmitted through the whole apparatus. Gas is 
thus made only when, and in the quantity, re- 
quired by the engine. 

Although such producers have not been used to 
any great extent in this country, having been de- 
veloped in Europe, and being subject here to great- 
er competition from cheap liquid fuel, they would 
seem very useful in connection with gas engine 
installations of from 50 to 100-HP. 


a 
> 


A TEXT-BOOK ON ROOFS AND BRIDGES.—Part L.: 
Stresses in Simple Trusses. By Mansfield Merriman, 
Professor of Civil Engineering in Lehigh University, 
and Henry 8S. Jacoby, Professor of Bridge Engineer- 
ing in Cornell University. Sixth Edition, Rewritten 
and Enlarged. New York: John Wiley & Sons. Lon- 
don: Chapman & Hall. Cloth; 6 x 9 tns.; pp. 316; 
two folding ont 24 full-page plates and 101 figures 
in the text. $2.50. 

Those of our seiliees who are familiar with the 
first edition of this book, published in 1888, will 
hardly recognize the present volume as being 
revision of the same book. Indeed, after the first 
chapter, Stresses in Roof Trusses, is passed the 
remainder of the book is a new work in volume, 
arrangement and contents. To be specific, the 
book has been enlarged from 191 to 326 pages, 
and the former classification for bridges has been 
replaced by ene involving loads. We now have 
the dead load stresses, the iive load stresses and 
the stresses due to wind and other causes 
treated in separate chapters for the common 
forms of simple trusses. The fifth chapter takes 
up the consideration of long span _ bridges. 
and here we find an unusual amount of his- 
torical matter relating to early American long 
span bridges and an interesting tabulation of the 
various long span simple trusses that have been 
built in the United States. Chapter VI. discusses 
portal bracing, swey and lateral bracing and plate 
girder design. ‘Chapter VII. treats of deflections 
und presents the theory that the economic depth 
of truss is closely the one which gives the great- 
est stiffiiess. The final chapter takes up cranes, 
bents, tcewers, viaducts and other miscellaneous 
structures. A notable feature of the new edition 
is the extensive use of iilustrations, including 
half-tone views of notable truss bridges, folding 
plates end numerous text drawings. 


RECHERCHES EXPERIMENTALES SUR LA CONSTI- 
TUTION DES MORTIERS RAULIQUES. —By M. 
H. LeChatelier, Ingénieur en Ches des Mines. Second 
Edition. Paris: Dunod. Paper; 6% x 10 ins.; pp. 196. 


In a thesis for his doctorate presented to the 
Faculty of Sciences of Paris in 1887, M. H. Le 
Chatelier gave the results of a study, from a 
chemical and mineralogical point of view, of the 
various combinations of lime, silica and alumina; 
determined their character, and, finally, en- 
deavored to recognize the presence of one or an- 
other of them in hydraulic cement. In 1893 these 
original studies were supplemented by a second 
set of experiments, the results of which were 
published in “Annales des Mines’ for that year. 
These two communications gave to scientists their 


*Consulting Engineer, ‘late | Secretary American Gas 
Light Association, 58 William St., New York City. 


first exact knowledge concerning the constitu- 
tion of Portland cement, and a reprint of them 
forms the bulk of the text of the book before us. 
Since Le Chatelier published the results of his 
latest investigations in 1893, the constitution of 
Portland cement has been studied experimentally 
in Sweden by Mr. A. E. Tornebohm, in 1897, and 
in America by Messrs. Spencer B. and W. B. 
Newberry in 1897, and by Mr. Clifford Richard- 
son in 1904. The work of these later experi- 
menters has disproved some of the conclusions 
reached by Le Chatelier, and has corroborated 
others of them, so that now they are far from 
being the absolute authority that they once 
seemed to be. As a record of the first widely ac- 
cepted theory of the constitution of hydraulic 
cement and of the methods by which this theory 
was arrived at, these papers are, however, of 
wide interest to students of the chemistry of 
cements, and the present reprint puts them in 
convenient form for use. In addition to the two 
main papers the book contains summaries of the 
results of recent investigations regarding the 
roles played in cements by chloride of calcium, 
sulphate of lime and magnesia; studies relating 
to accelerated tests, expansion during setting and 
hardening, and disintegration by sea water. 


Geological Survey Reports. 


MINERAL RESOURCES OF CANADA.—Geological Sur- 
vey of Canada. Robert Bell, D. Sc., F. R. S., Acting 
Director. Ottawa: Pub. Doc. Paper; 64% x 9% ins. 
Apatite (pp. 32); Asbestos (pp. 28); Graphite (pp. 
30); Infusorial Earth (pp. 14); Manganese (pp. 27); 
Mica (pp. 32);.Molybdenum and Tungsten (pp. 16); 
Peat (pp. 40); Platinum (pp. 26); Salt (pp. 33); Zine 
(pp. 13). 

MARL DEPOSITS IN ONTARIO, QUEBEC, NEW 
BRUNSWICK AND NOVA SCOTIA.—By R. W. Ells, 
LL. D., F. R. 8. C. Published by permission of the 
Director of the Geologjcal Survey of Canada. Paper; 
6 « 9 ins.; pp. 11. 


These bulletins present in concise foim an ex- 
cellent Gescription of the mineral resources of 
Canada. They are not verbose. They make no 
attempt at long drawn out speculation as to the 
origin of mineral deposits. But they do give . 
clear idea of where valuable deposits occur and 
the extent to which those deposits are being 
worked. 


MINERAL RESOURCES OF THE UNITED STATES, 
CALENDAR YEAR 113.—By David T. Day, Chief of 
Division of Mining and Mineral Resources, U. S. Geo- 
logical Survey. Washington, D. C.: Pub. Doe. 
Cloth; 6 « 9 ins.; pp. 1,204; tables. 

THE PRODUCTION OF COAL IN 1903.—Extract from 
Mineral Resources, etc. Paper; 6 x 9 ins.; pp. 192 
PRODUCTION OF GAS, COKE, TAR AND AMMONIA 
AT GAS WORKS AND IN RETORT COKE OVENS 
IN 1903.—Extract from Mineral Resources, etc. Paper; 

6 x 9 ins.; pp. 30. 

STATISTICS OF THE AMERICAN IRON TRADE FOR 
1903.—Extract from Mineral Resources, etc. Paper; 
6 x 9 ins.; pp. 57. 

THE STONE INDUSTRY IN 1903.—Extract from Mineral 
Resources, etc. Paper; 6 x 9 ins.; pp. 208. 


The arrangement and scope of the matter in 


this volume are essentially the same as in the 19 
preceding reports of the series of the Mineral Re- 
sources of the United States. As heretofore, the 
publication of this volume has been anticipated to 
a great extent by the advance issue, in pamphlet 
form, of the several chapters that compose it. 
The pamphlets, or chapters, that will particularly 
interest civil engineers are as follows: The Stone 
Industry, The Production of Coal, of Iron, of 
Cement, Clay-working Industries, Steel Harden- 
ing ‘Metals, and Mineral Paints. 


BULLETINS U. S. GEOLOGICAL SURVEY.—Charles D. 
Walcott, Director. Washington, D. C.: Pub. Doc. 
Paper; 6 x 9 ins. 

No. 235: A Geological Reconnaissance across the Cas- 
cade Range near the Forty-ninth Parallel. By George 
Otis Smith and Frank C. Calkins. Pp. 103; four 
plates and one figure. 

No. 287: Petrography and Geology of the Igneous Rocks 
of the Highwood Mountains, Montana. By Louis Val- 
entine Pirsson. Pp. 208; 7 plates and 8 figures in 
the text. 

No. 23%: Rock Cleavage. By Charles Kenneth Leith. 
mS 216; 27 plates and 40 figures in the text 

204: Report of Progress in the Geological Resurvey 
sy the Cripple Creek District, Colorado. By Walde- 
man Lindgren and Frederick Leslie Ransome. Pp. 36. 


The bulletin on Rock Cleavage contains the re- 
sults of a systematic microscopical siudy of cleav- 
age of all kinds from many localities, the purpose 
of the author being to ascertain the exact ar- 
rangement of the mineral particles, the relation 
of this arrangement to cleavage, and the relation 
of cleavage to the deformation of rock. Based 


upon his observations, the author presents ge, 
eral conciusions as to the origin and conditions 
cleavage. The other bulletins demand no eo, 
here. 


U. 8. GEOLOGICAL SURVEY.—Report for 1903- ’ 
D. Walcott, Director. Washington, 
Cloth; 8 x Sra ins.; pp. 388; 25 plates and two figu: 


in the text. 

As usual, this report is made up of a gene: 
review of the work of the year. The Hyd: 
graphic Branch and the Reclamation Service ; 
ceive a good share of attention, the work of +) 
latter being reviewed by States. 


SKETCH PORTFOLIO OF RAILROAD STATIONS.—Fro 
Original Designs. By Bradford L. Gilbert. Fi; 
Edition (1895), with Supplement (1904). New Yor 
The Railroad Gazette. Cloth; 13 x 10 ins.; pags 
not given; many illustrations. $3.25. 

The title of this book is a fair descrintion of i: 
contents. The author has collected here 
gravings, ccnsisting mostly of perspective view 
of a large number of railway stations design: 
by himself and erected in various parts of th: 
United States. The views ineiude stations of a! 
sizes, and each is accompanied by a caption ex 
plaining the mein features of the structur 
shown. 


STATB BOARD OF HEALTH OF RHODE ISLAND 
Report for the year ending December 31, 1900, in 
cluding the report upon the registration of births 
marriages and deaths in 1899. Providence, R. |; 
Gardner T. Swarte, M. D., Secretary. Cloth; 6x9 
ins.; pp. 312; tables and diagrams. 


STATE BOARD OF HBALTH OF CONNBECTICUT.—Re 
port of the Year 1904, with the Registration Report 
for 1903 Relating to Births, Marriages, Divorces and 
Deaths. New Haven, Conn.: Charles A. Lindsley 
M. D., A. M., Secretary. Cloth; 6 x 9 ins.; pp. 2, 

tables and diagrams. 


These two reports, although covering periods 
four years apart, were published within a day or 
so of each other. Why one state should be sv 
very dilatory when the other one is reasonably 
prompt we will not undertake to explain, but it 
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a pity to hold vital statistics for 1899 until 
efore publishing them. 
Rhode Island report contains chemical and 
‘al analyses of the public water supplies of 
te for 1900, and like analyses of sewage- 
_. effluents. The Connecticut report contains 
.ber of accounts of typhoid outbreaks, and a 
with analyses, on river pollution and water 
ies, the latter being by Prof, Herbert E. 
th, M. D. 


Pioneer Irrigation and Railways. 


\EER IRRIGATION.—A Manual of Information for 
Fr Farman in the Colonies. By E. O. Mawson, M. 


1 Cc. B, Executive Engineer, Public Works Depart- 
vn Bombay. With Additional Chapters on Light 
<ailways, by E. R. Calthrop, M. Inst. C. BE, M. Inst. 
\. E. London: Crosby Lockwood &.Son. Cloth; 5% 
"Ri ins.; pp. 260; 39 plates and 91 figures in the text. 

lcs. 6d. or $4. 20. 

intelligent and enterprising farmers who wish 

vost themselves on some of the minor engineer- 
jpe features and on the cultural phases of irriga- 
tion will doubtless find this book of value. It 
night also be of service to engineering students, 
or as a first book to engineers who wished to read 
up on irrigation. Sources of water supply, dams, 
canals, automatic sluice gates, methods of irriga- 
tion and the cultivation of irrigated crops and 
fruit trees are considered. Separate treatment js 
given to underground water supplies and pump- 
ing. In the short chapter on Sewage Irrigation 
it is stated that “septic tanks will work for years 
without being cleaned,” which is true under some 
conditions and untrue under others. An appen- 
dix contains a variety of tables and other useful 
information, including sizes and (British) prices 
of materials used in irrigation. The illustrations 
include an unnecessary number of wash drawings 
of imaginary irrigation works. 

The chapter on “Light Railways,” by Mr. E. R. 
Calthrop, will amuse much more than it will in- 
struct American engineers. Mr. Calthrop’s idea 
of a light railway is a line of either 2-ft. or 2-ft. 
G-in. gage. In other words, it is the old narrow- 
gage fallacy of thirty years ago over again. 
American engineers, familiar with the work done 
in this country in building standard-gage lines of 
low cost will be entertained to read the following 
by Mr. Calthrop: 

In easy country the cost of a 2-ft. 6-in. gage railway 
may average one-fourth that of the normal gage; but in 
rugged mountainous country the difference may be very 
much greater, the normal gage costing perhaps eight or 
ten times as much as a narrow gage line. 

Elsewhere Mr. Calthrop estimates the average 
cost of a 2-ft. 6-in. gage railway with 35-lb. rails 
at $10,000 per mile, as a minimum under the most 
favorable conditions, to $15,000 per mile in un- 
dulating country where an average amount of 
earth werk is required. With 25-!b. rails, anl 
2-ft. gage, and the maximum load per axle re- 
duced to 3 tons, the cost may be brought down 
in the most favorable country he says to from $6,- 
000 to $7,500 per mile. 

It would doubtless surprise Mr. Calthrop to 
know that American engineers have built stand- 
ard-gage roads at a cost per mile not very far 
from the figures which he gives for these narrow- 
gage roads. 

It is very clear that Mr. Calthrop obtains his 
exaggerated ideas as to the economy of the nar- 
row gage over the standard simply from adhereing 
to the old-time English notions concerning the 
limits of grade and curvature on standard-gage 
lines. He states the advantage of the narrow 
gage over the standard as follows: 

The principal savings in capital cost attained by nar- 
rowness of gage occur through the much greater flexibil- 
ity of its alinement due to the power of employing, where 
necessary, curves of a much smaller radius than can be 
used on a railway of normal gage. Such flexibility per- 
mits a railway of 2-ft. 6-in. gage and under to follow the 
natural contours of the ground in moderately difficult 
country, and by thus winding in and out, deep cuttings, 
beavy embankment and the severance of valuable prop- 
erty can be avoided. 

Now let us see what curves and grades Mr. 
Calthrop proposes to attain by his narrow gage. 
We quote again as follows: 


In the case of light raflways of 2-ft. 6-in. gage, an 
easy line will have gradients of 1 in 100 against the 
creater load and 1 in 80 with it, both combined with 
‘urves of not less than 600 ft. radius (9° 33’). A very 


difficult line will have gradients 1 in 30 against the 
greater load and 1 in 25 with it both combined with a 
minimum curve of 300 ft. radius (19° 10’). In extraordi- 


-harily difficult country and with especially designed roll- 


ing stock the gradients may be 1 in 25 (4%) in both di- 
rections with curves of 100 ft. radius (60°). 

It would evidently be a liberal education for 
Mr. Calthrop to cee the grades ind curves of 
some American standard gage railways which 
have been built for light traffic in difficult country. 


Sanitary Papers. 


THE EPIDEMIC OF TYPHOID FEVER AT ITHACA, 
N. Y.—By George A. Soper, Ph.D. Reprinted from the 
Journal of the New England Water-Works Associa- 
tion, Vol. XVIII., No. 4 (Dec., 1904). Paper; 6 x 9 
ins.; pp. 31; eight plates. (Send stamp to author it 
29 Broadway, New York City.) 


Since for some inscrutable reason the New York 
State Department of Health did not publish Dr. 
Soper’s exhaustive official report as representative 
of the department at Ithaca for several months 
during the great typhoid epidemic of 1908, there is 
all the greater reason to be thankful to the New 
England Water-Works Association and to Dr. 
Soper for this valuable paper. The Ithaca epi- 
demic was one of the worst on record, and it was 
observed and reported by Dr. Soper with unusual 
eare. The official report might well have been 
published in a large edition and widely circulated 
as a warning to other communities to protect 
themselves against a similar calamity. 


> 


THE RELATION OF PREVENTABLE DISEASE TO 
TAXATION.—By Henry B. Baker, M. D., Committee 
of the State Board of Health on that subject. Lan- 
sing: Michigan State Board of Health, February, 
1905. Paper; 6 «x 9 ins.; pp. 16; 12 tables. 

We have here a valuable analytical study of 
local expenditures in Michigan during 1903 on ac- 
count of indigent sufferers from dangerous com- 
municable diseases; also computations of the 
money values of the lives apparently saved in 
1903 tirough the lowered death rate from smali- 
pox, typhoid fever, scarlet fever and consump- 
tion since the organization of the State Board of 
Health. The aggregate estimated value of these 
saved lives is several times as great as the total 
expense of caring for indigent sufferers from all 
the communicable diseases listed. There are 
many fallacies, some of which the author points 
out, in «& comparison of this kind. The perma- 
nent ana general value of Dr. Baker's study lies 
in calling attention to the decreased death rates 
from certain communicable diseases, and particu- 
larly in showing jAow the exvenditures for the 
indigent sick are distributed among the different 
conimunicable diseases and also between doctors. 
nurses, watchmen, vaccination, antitoxin, disin- 
fectants and other purposes. Smallpox consumes 
$118,149 of the $222,392 expended, consumption 
only $1,127, pneumonia only a petty $5. As the 
author yoints out, the public does not fear cen- 
sumption and pneumonia as it does smallpox. 
Pneumonia causes more deaths in Michigan than 
any other communicable disease, and consump tioi 
comes next; yet little is being done for sufferers 
from either. 
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THE PURIFICATION OF WATER FROM A SANITARY 
STANDPOINT.—By Freeland Howe, Jr. Pittsburg, 
Pa.: Pittsburg Filter Manufacturing Co. Paper; 6x 
9 ins.; pp. 16. 

MECHANICAL FILTRATION.—By Freeland Howe, Jr. 
Pittsburg, Pa.: sags ~ tg Filter Manufacturing , Co. 
Paper; 6x9 ins.; pp. 

Bearing in mind that promoting the use of me- 
chanical filters is the primary object of these 
pamphlets, and making allowances accordingly, 
they may be accepted as satisfactory outlines of 
the subjects presented. 


PROGRESS REPORT OF COOPERATIVE IRRIGA- 
TION INVESTIGATIONS IN CALIFORNIA.—By §8. 
Fortier, Irrigation Engineer, in charge of Pacific Dis- 
trict. Circular No. 59, Office of Experiment Stations. 
A. C. True, director. Washington, D. C.: U. S. De- 
partment of Agriculture. Paper; 69 ins.; pp. 23; 
tables. 

One of the most interesting lines of work here 
described is an investigation of pumping water for 
irrigation, by Prof. J. N. Le Conte, of the Uni- 
versity of California, and others. Thus far de- 
scriptions of 750 pumping plants have been se- 
cured. Both field and laboratory tests of pump- 
ing plants have been made. These are here sum- 


(1) Nouveau Portefeuille De L'ingenieur Des Chemins 
De Fer 
par MM. AUGUSTE PERDONNET, et CAMILLE 
POLONCEAU, et EUGENE FLACHAT, 
1. TEXTE—Bound 592 pages. Paris: Libraire 
£ Scientifique, Eugéne Lacroix, Editeur de la 
e! Societé de Inginieurs Civil de France, 15 
Quai Mataquais, 1866. 
| 2. DOCUMENTS—Bound 447 pages. 
ls. LEGEN DE DE EXPLICATIVE DES PLANCHES 
—229 pages, bound. 
4. PLANCHES—125 in separate sheets, in a Port- 
folio, 13x20 in. size. Many double sheets. 
$40.00 
(2) Foerster’s Allgemeine Bauzeitung— Wien 
41 vols. Text, bound. from 1886 to 1876. 
41 vols, Atlases, bound, from 1836 to 1876. 
1 vol, Index from 1836 to 1855 bound. $160.00 
(3) Franz Rziha—Lehrbuch der gesamaten Tunnel- 
baukunst, 2 vols., bound 
1. Band mit 354 in den Text gedruckten Holzschnit- 
ten. 1367, Berlin, Ernst & Korn. 
2. Band mit 297 in den Test gedruckten Holzschnit- 
ten. Berlin Buchhandlund. $20.00 
(4) A History of the St. Louis Bridge 
By C. M. Woodward 
11 4x14 in. size, bound, containing a full account 


including the theory of the ribbed arch and the 
test of materials. Iliustrated by numerous wood- 
cuts and 50 full-page lithographs and art. types. 
8t. Louis, Mo., G. I. Jones & Co., 1881. $12.00 
(5) London Illustrated News 
15 vols., bound, from 1858 to June, 1865, for $41.25 
7 vols., bound, from 1878 to Dec.. 1876, 21.00 
$62.25 (22 vois.) 
(6) Van Nostrand Engineering Magazine 
35 vols.. bound, New York (as new), $45.00 
(7) Railroad Gazette 
from Oct. 1, 1870, to Dec. 1904, 35 vols., 27 bound, 
8 ready for binding stripped of ads. $191.65 


SEBASTIAN WISER, Am. Soc. C. B. 
Saint Mary's, Elk Co., Pa. 


of every step in its construction and erection, P 


marized briefly, but will be reported on more fully 
at a later date. Studies of evaporation and of 
methods of applying water to land are also de- 
scribed in the pamphlet. The studies are being 
made at the joint expense of the United States 
and the State of California. 


PROCEEDINGS OF THE RAILWAY SIGNAL ASSOCIA- 
TION.—Bethlehem, Pa.: H. 8. Balliet, Secretary. Pa- 
per; 6 x 9 ine.; pp. 165; illustrated. 25 cts. 

This volume covers the several meetings during 
1904. The principal subjects of the committee re- 
ports are as follows: Wire for pole lines; Circuits 
for the manual block signal system; Circuits for 
automatic block signal systems for steam and 
electric railways; Standard specifications for me- 
chanical interlocking and material for construc- 
tion work. There are two papers by Dr. N. M. 
Black on “Comparative Tests of Roundels from 
an Ophthalmologist’s Standpoint,” and a paper by 
Mr. J. B. Struble, on “Alternate Current Signal- 
ing.” In addition there are discussions of a num- 
ber of topics. 


AN ECONOMIC IMPROVEMENT IN RAILWAYS.—By 
H. W. Perry. Trichinopoly, India: The Author. Pa- 
per; 5% x 8% ins.; pp. 59. 


RAILWAY TRACK WITH COMPOUND RAILS.—By H. 
y. Perry. Trichinopoly, India: The Author. Paper; 
6% x 8% ins.; pp. 32. 

The improvement in railways suggested is the 
use of flat cars and removable sectional bodies or 
boxes instead of the ordinary types of freight cars. 
The author’s idea is to reduce empty-car mileage 
and to facilitate traffic, but the idea seems to be 
impracticable and the distribution and collection 
of the boxes at every station would involve great 
confusion. The pamphlet is composed largely of 
letters written by the author describing his 
system, 


The rail suggested by Mr. Perry has a perma- 
nent web and base formed of two special angles 
riveted back to back and breaking joint. The 
height is S ins., and the width of base 14 ins. The 
top of the web is widened and supports a channel- 
shaped rail head, 3 ins. wide and 2 ins. deep, which 
is apparently attached to the web simply by the 
friction of a tight fit. Any fastening seems to be 
considered unnecessary, but the practical effi- 
ciency of such a system is open to doubt. An al- 
ternative design with bolted cap or rail head is 
shown. It is proposed to eliminate the use of ties, 
laying the rails on sand cushions on concrete 
longitudinals, and to fill in concrete between the 
permanent rail webs or girders, the webs being 
connected at intervals by tie bars. 


ly 
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Automobile Designing. 
teviewed by Professor Storm Bull. 

PETROL MOTORS AND MOTOR CARS.—A Handbook for 

Engineers, Designers and Draftsmen. By T. Hyler 

White, Assoc. M. Inst. M. E. London, New York and 

Bombay: Longmans, Green & Co. Cloth; 5% x 8 ins; 

pp. 187; many tables, two plates and 42 figures in the 

text. $1.40 net; $1.50 by mail. 

The author states in his preface that this book 
has been written especially for the designers of 
automobiles, the reason being that although a 
good many books have been written about auto- 
mobiles in the last few years, yet no book had 
been produced which could be of very much serv- 
ice to the designers of these vehicles, 

That this object has been kept steadily in view 
is very evident on examination of the book. Prac- 
tical rules for the design of the more important 
parts of the motor and of the motor cars are 
given and most of the designs are illustrated by 
figures. The formulas which are given seem to be 
of a rational nature; but to the reviewer it seems 
a fault that the derivation of the same are never 
given. It is evidently expected that designers 
shall apply the author’s formulas without ques- 
tioning thelr correctness or applicability to the 
particular case. This seems a good deal like rule 
of thumb work and may be the manner in which 
such work is done to a very large extent in Great 
Britain; but it will hardly answer for other coun- 
tries. This book is not a mechanical engineer's 
pocket-book in which for want of space the deri- 
vation of formula must be omitted, but it is a 
monograph in which no such limit of space exists. 
The author states that he has left the derivations 
out advisedly, and it is because of this fact that 
it seemed necessary to say so much about it. 

The reviewer has applied a number of the for- 
mule to special examples and the results have 
been fair, average values for the particular part 
in question, so that, no doubt, the formulas are 
based on an extended practice. It is also evident 
from other reasons that the author must have had 
a large experience in the design of automobtles, 
so there cannot be any doubt that the book 
should prove very useful to a great many people. 
It would, however, seem that some subjects oc- 
cupy altogether too much space as compared with 
others; for instance, the subject of gearing, in 
which all the profiles of teeth which are used in 
automobiles are given. These profiles are not dif- 
ferent from those used in other machines and con- 
sequently all the necessary information in this 
line can be found in the handbooks on Machine 
Design, so that a good deal of space could have 
been saved here. 

The author discusses at various places the sev- 
eral alternatives for the many parts of a modern 
automobile; he gives his reasons for his choice 
very clearly and never uses superfluous words, 
for which fact he deserves praise. Of course it 
ought not to be necessary to state that it is not 
always possible to agree with his conclusions. 

The author seems quite familiar with American 
practice, and he has made good use of it in his 
book. But the title of the book is alone sufficient 
to show that he is an Englishman who, in this 
instance, however, is not quite so “insular” as so 
many of his countrymen. About thirty pages of 
the book are filled with various tables, the first 
part of which are of the kind given in pocket- 
books to facilitate calculations. There are also a 
large number of tables for the conversion of Eng- 
lish units into metric measures, and vice versa. 
These latter tables are very.complete and should 
be very useful if one has anything to do with 
motors built on the continent of Europe or if one 
wishes to compare motors built in the various 
countries, 

The illustrations of the book are very “good, 
although it would seem that their usefulness 
would have been very much increased if the 
dimensions of the various parts had been given or 
if they had been drawn to scale and this scale 
given. ‘The illustrations are so few that the de- 
signer has hardly any choice at all, should he be 
limited to the illustrations given in the book. In 
this respect the book is greatly inferior to Gueld- 
ner’s book,* which possesses a wealth of illustra- 


should of course be remembered that the latfer 
book covers the whole field of gas and gasoline 
engines, whereas Mr. White’s book is limited to 
gasoline engines used for automobiles. As a book 
for the special purpose of helping the designers 
of these engines it appears to the reviewer that it 
is the best existing book in the English language. 
notwithstanding the criticisms which have been 
made above. 
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ELPMENTARY COURSE IN MECHANICAL DRAWING. 
For Manual Training and Technical Schools. Com- 
prising Selections and Use of Instruments, Geometri- 
cal Problems, Orthographic Projections, and Shades 
and Shadows. With Chapters on Machine Sketching 
and the Blue Printing Process. By Arthur W. Chase, 
B. 3. In Two Parts: Part I. Chicago, Ill.: Howland 
Speakman. Cloth; 8% x 7 ins.; pp. 189; 97 figures in 
the text. $1.50. 

As its title implies, this work presents in the 
usual style an introduction to the elements of 
mechanical drawing. The problems have been ar- 
ranged so as to omit all finished sheets; the stu- 
dent is given the layout of a drawing only: in 
this way any direct copying of finished work is 
prevented. - Specifications are fully given in every 
case, so the student receives a drill similar to 
the experienced in practical work. The text is 
lucidly but not always concisely written. The 
illustrations are plain and fairly well executed. 


THE FUNCTION OF MASONRY IN MODERN ARCHI- 
TECTURAL STRUCTURES.—By R. Guastavino. 
Part II New York: The Author, 49 E. 19ta St. Pa- 
per; 6 x 9 ins.; pp. 91. 


In transmitting this book for réview the author 
writes: 

The idea of the work is principally to impart to begin- 
ners in architecture the fundamental principles of prop- 
erly utilized masonry to protect perishable materials; and 
why and wherewith to protect the setting of cement as 
well as its disintegration by fire, which can only be ac- 
complished by using burnt clay, following some perti- 
nent metaphysical considerations to modern noble ma- 
sonry work. 


We jo not feel that we can add anything of 
value to this characterization. 


PROGRESS REPORT ON THE STR 


TURAL TIMBER—By W. yor STRUC- 


Circular No. 32. U. Hatt, Ph. D. 


ington, D. C.: Pub. Doc. Paper; 6» 9 
This report gives tests on the following species 
of timber: The Pacific Coast red ftir, known also 
as Oregon pine or Douglas spruce; western hem- 
lock; red gum; longleaf pine, and loblolly pine, 
Some excellent data are contained in the report 
of which an abstract will be given in a subse- 
quent issue of this journal. 


THE OTTAWA IMPROVEMENT O) — 

= jet -tone plates, including photographs 

Various street, avenue and driveway improve- 
ments and some landscape work in Ottawa have 
been carried out under this commission, and are 
here illustrated by means of large half-tone views. 
Some of the finest of the natural and artificial 
scenery is marred by telegraph or telephone poles 
and wires. The commission was created in 1899 
and has expended $391,000. Mr. Robert Surtees 
is consulting engineer; Mr. Henry N., Bate, Chair- 
man, au Senator F. T. Frost, of Smiths Falls 
Ont., is one of the members. 
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BI-MONT J E 

Instead of sending out separate papers once in 
two months, the institute now begins to bind the 
papers in the form of a bi-monthly publication. 

A small stock of single papers will be kept for 

special requirements. Among the papers in this 

issue are “The Application of Dry-Air Blast to 
the Manufacture of Iron,” by James Gayley, and 

“The Influence of Carbon, Phosphorus, Man- 

ganese and Sulphur on the Tensile Strength of 

Open Hearth Steel,” by H. H. Campbell. 


NOW READY 


ing. Part V.—Drawing. Laying out Work. 


Materials. Various Materials and Data. 


A Handbook for Superintendents of Construction, 
Architects, Builders and Building Inspectors 


By H. G. Richey 


Superintendent of Construction U. 8, Public Buildings, Author of “‘ Richey’s Guide and Assistant for 
Carpenters and Mechanics."’ 


16mo, v + 742 pages, 357 figures. Morocco, $4.00 


CONTENTS 

Part I.—Personality and Duties of a Superintendent. Excavating, Foundations, Piles, Building- 
stones, Part II.—Stone Laying, Setting, and Cutting, Marble and Slate Work, Brickwork and Brick- 
laying, Paving, etc. Part III.—Lime, Sand, Cement, Mortar, and Concrete. Concrete Construction, 
Fire-proof Floor Construction, Partitions, etc. Architectural Terra-cotta. Fire-proof Construction and 
Fire Protection of Buildings. Part 1V.—Lathing and Plastering. Carpentry; Timber, Plumbing. Tin 
and Sheet Metal Work. Painting, Glazing, and Paper-hanging. Ironwork, Electric Wiring, etc. Heat- 
Mensuration. Geometrical Mensuration. Various 
Engineering Formulas. Part VI—Hydraulics and Data on Water. Strengths, Weights, etc., of 


DESCRIPTIVE CIRCULARS UPON APPLICATION 


Order through your bookseller, or copies will be forwarded 
postpaid by the publishers on receipt of the retail price. 


JOHN WILEY & SONS, 43 and 45 East 19th St., New York City 


2 
tions nearty all provided with dimensions, But it} [ii 
*Das Verbrennungsmoteren; reviewed by Professor Bull 
in this Supplement for May 14, 1903 
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Nostrand Recent Publications 


o, cloth, 675 Pages Price, $5.00 net 


THE 


TRANSMISSION 
ENERCY 


A Manual for the Design of Electrical Circuits 


BY 


ARTHUR VAUGHAN ABBOTT, C.E. 


Member American Institute of Electrical Engineers, Member American 
Institute of Mining Engineers, Member American Society of Civil 
Engineers, Member American Society of Mechanical Engineers, etc, 


FOURTH EDITION 
ENTIRELY REWRITTEN AND ENLARCED 


WITH 367 FIGURES, TEN FOLDING DIAGRAMS 
AND SIXTEEN FULL-PAGE ENGRAVINGS 


Quarto, Cloth 656i! Illustrations 


Price, $7.00 net 


REINFORCED 
CONCRETE 


BY 
CHARLES F. MARSH 


Assoc. M. Inst. C. E., Assoc. M. Inst. M. E. 


530 pages 


WITH MANY TABLES, DIAGRAMS and ENGRAVINGS 


CONTENTS 
General View of the Subject. Systems Employed. Mate- 
rials. Practical Construction. Experimental Research and 
Data Deduced Therefrom. Calculations. Some Structures 
which have been Erected in Reinforced Concrete. Appendix 


ELABORATE CIRCULARS OF ABOVE SENT ON APPLICATION 


12mo., Cloth, 250 Pages. Fully Illustrated. Price $2.50 net 


Electric Railways 


Theoretically and Practically Treated 
SYDNEY W. ASHE 


Dept. of Electrical Engineering, Polytechnic Institute of Brooklyn. 
Late Instructor Electric Traction, Brooklyn Rapid-Transit. 


AND 


J.D. KEILEY 
Electrical Engineering Dept., New York Central Railroad. 


The absence of a modern treatise on electric railways, embodying 
all the recent developments in electric traction has encouraged the 
authors in the preparation of this book. Their aim has been to 
treat the subject exhaustively from the theoretical and practical 
side. Realizing the immensity of the traction field and the urgency 
of the demand for information on this subject, the authors have re- 
stricted their efforts in the present volume to the treatment of rolling 
stock, and have added thereto a chapter, treating mathematically 
the speed time and power curves. It is their intention, should the 
reception of this volume be encouraging, to follow it by succeedin 
volumes covering the entire field. Much information has been culle 
from the publications of engineering societies and other sources in 
an effort to include in the work the most modern of railway data. 
This volume treats of both direct and alternating current apparatus, 


-is profusely illustrated, and is restricted entirely to American Rail- 


way Practice. 
CONTENTS 


Units and Measuring Instruments.— Mechanical, Electrical. Slide Rule 
Planimeter. Curve Plotting. 


Train Performance. — Bpeed Time Curves. Power Curves. Equipment Caleula- 
tions. Indicating and sording Instruments. 

Car Construction. — Trolley and R.R. Tractive Force, Resistance, etc. Journals, 
Axles, Gears, Friction. Car Trucks, Strength, Durability, Lubrication and Testing. 
Control of Air, Air Pumps, Governors, ete. Brakes, Brake Apparatus, Brake 
Shoes. Platforms, Gates, Heating. 

Car and Train Control. — Hand Control, Trolley. Multiple Unit Control. Sprague 
System. Westinghouse Pneumatic. Sprague General Electric. Westinghouse. 
Turret or Unit, Switch Control. General Electric Bridge System, 


Electrical Equipment. — Series Direct Current Motor. A.C. Single Phase Motor. 
Single Systems. 


Electric Locomotives. — Mining Service. Industrial Service. Trunk Line Service. 


L —— — Testing of Equipment. Testing of Electrical Measuring Instruments. 


* XXII.—Shrinkage of Earth; Cost of Earthwork. 


8vo. Cloth, Illustrated, about 365 pages 


Price $3.00 Net 


Earth and Rock Excavation 


A PRACTICAL TREATISE 


BY 


CHARLES PRELINI, C.E. 


Author of “ Tunneling” 


With Tables, and Many Diagrams and Engravings 
CONTENTS 


Preface, Introduction. Chapter I.—Graphical Representation of Earthwork ; 
Plans and Profiles. 1I1.—Methods of Calculating Quantities and Cost of Earth- 
work. III.—Cuts and Fills; Borrow-pits and Spoil banks. IV.—Classification 
of Materials; Rock Excavations without Blasting. V.—Excavation of Rock by 
Blasting ; the Drilling of the Holes. VI.—Rock Excavation by Blasting; Ex- 
plosives and their Transportation and Storage. VII.—Rock Excavation by 
Blasting ; Fuses, Firing and Blasting. VIIIl.—Earth Excavation: Hand-tools, 
Machine Excavation. IX.—Earth Excavation: Continuous Digging-machines. 
X.—Earth Excavation; Intermittent Digging-machines. XI.—Methods of Hauling 
Excavated Materials on Level Roads. XII.—Hauling Excavated Materials on 
Horizontal Roads, XIII.—Method of Hauling Excavated Materials on Inclined 
Roads. XIV.—Vertical Hauling or Hoisting of Excavated Materials. XV. 
Transporting Excavated Materials by Aerialways. XVI.—Transporting Excavated 
Materials by Cableways. XVII.—Transporting Excavated Materials by Tel- 
pherage, XVIII —Chains, Ropes, Buckets, Engines, and Motive Power. XIX — 
Animal, and Mechanical Labor. XX-~=XXI.—The Direction of Excavation Work. 
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D. VAN NOSTRAND COMPANY 


PUBLISHERS AND BOOKSELLERS 


23 Murray and 27 Warren Sts., NEW YORK 


188 


ENGINEERING LITERATURE. 


February 16, 1905. 


Literary Magazines. 

“The Everglades of Florida” is the title of a 
very interesting paper in the February “Century.” 
Few realize that the southern portion of Florida 
is the largest area of practically unknown and al- 
most unexplored land within the limits of the 
United States. It is really a vast shallow lake, so 
shallow that from the bed of muck in its bottom 
Sawgrass grows and covers the whole region so 
that from a distance it looks like a prairie. But 
this growth of grass prevents navigation by 
hoats while the depth of the water and the mud 
makes travel otherwise all but impossible. Three 
or four exploring expeditions have crossed the 
Everglades; but have done so with no small risk 
of life. While in the popular mind the region is 
supposed to be a swamp, dense with miasmatic 
poison, the writer of the article declares that the 
water of the glades is clear, pure and palatable, 
without the least suggestion of staleness or stag- 
nancy, the air is fresh and full of ozone and 
mosquitoes are not found in the interior of the 
glades. Vencmous snakes, however, are so numer- 
ous as to make the path of the explorer a very 
dangerous one. The great region extends some 
100 miles east and west and over 200 miles from 
north to south. It is quite within the possibilities 
that at some future day’ it will be drained and 
riade fit for cultivation. 

“The Century” also contains a very inter- 
esting account of Chicago's work in park develop- 
ment by Henry G. Foreman, President of the 
South’ Park Commissioners of Chicago. Mr. Fore- 
man claims that when its park system as now 
planned is completed, Chicago will lead all Ameri- 
can cities in its park area and applied facilities. 

The February “‘Review of Reviews” opens with 
a paper on the Panama Canal by Hon. John Bar- 
rett, Minister to Panama. The article is particu- 
larly notable for its praise of Chief Engineer Wal- 
lace. We quote as follows: 

As an entirely impartial observer, connected in no way 


with the Canal Commission, I beg of the American people 
to have every confidence in Chief Engineer Wallace, and 


to trust. him to the fullest extent to complete the canal 
successfully, despite all obstables. The government at 
Washington, and Congress, however, have a grave re- 
sponsibility in equipping him or the commission with 
sufficient authority, so that he may not be held back and 


éelayed, as he now is, by certain unfortunate features of 
organization and responsibility. 

Mr. Barrett then points out that the newspapers 
are wholly wrong in supposing that Mr. Wallace 
has advocated the construction of a sea-level ca- 
nal at Panama, since ‘Mr. Wallace has actually 
made no report nor has he publicly gone on record 
in any way as advocating either a sea-level or a 
lock canal. Having said this, Mr. Barrett pro- 
ceeds on his own account to discuss the question 
as to the type of canal that should be buik and 
comes out strongly for the sea-level canal, claim- 
ing that it could be built for not more than $50,- 
000,000 more than the lock canal and in not more 
than ten years from Jan. 1, 1904. As it may in- 
terest our readers especially to see how the time 
estimate is arrived at by Mr. Barrett, we quote 
the following: 


How much time will be required to excavate the Cu- 
lebra, or central, division so that vessels drawing 25 to 
80 it. can pass safely through? From thorough tests, Mr. 
W. E. Dauchey, the engineer under Mr. Wallace in charge 
of Culebra and formeriy chief engineer of the Rock Island 
Railroad system, has demonstrated that the steam-ex- 
cavators which are now at work in the Culebra cut can 
handle 25,000 cu, yds. per machine per month, working 
10 out of 24 hours for 25 days in the month. This means 
an average of 360,000 yards per annum for each machine. 
If we make a liberal reduction of 50,000 yards for time 
when the machine is idle through repairs, rains, slides, 
ete., we can place this estimate at 310,000 cubic yards. 


Now, then, if two machines are placed every half-mile. of 
the section, one on each side of the cut, for a distance of 
eight miles, allowing tor the gradual slant on both sides, 
we have 32 machines excavating 9,920,000 cubic yards a “ 
year. As there are 100,000,000 cubic yards to be ex- 


eavated in the Culebra division for a sea-level canal, we 
have approximately ten years required in which to do the 
work. Two years added for all kinds of contingencies 
makes twelve. The question now arises, How is the sea- 
level canal, then, to be finished by January, 1914, or less 
than ten years, from now? 

Without taking space for Mr. Barrett's answer 
in detail, we may note that what he proposes is 
to build a dam at Gamboa to develop 25,000 to 
30.000 HP. and generate electric current to 
operate all the canal machinery and light it so 
that work can be carried on night and day. 

Concerning the dams on the canal, Mr. Barrett 
says “that the technical investigations of the en- 
gineers have practically eliminated all these ex- 
cept the dam at Gamboa.” 
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Other articles of interest to the engineer in the 
“Review of Reviews” which we can do no more 
than list here are “‘Venezuela’s Industrial and 
Commercial Outlook,” “Street Railway Fares in 
the United States,” and ‘“‘The Manhattan Bridge; 
a Lesson in Municipal Aesthetics.” 

The United States expedition to the capital of 
Abyssinia is described in the February ‘“‘World’s 
Work" by Consul-General Robert P. Skinner, who 
was the head of the expedition. This country is 
soon to be opened to civilization by the comple- 
tion of the railroad from Djibouti, on the Red 
Sea, nearly opposite Aden, to the capital at Addis 
Abada, which is now a 22 days’ journey by cara- 
van from the present terminus of the railway line 
at Diré-Douah. Another ‘‘World’s Work” paper 
describes the development of Fresno County, 
California. Thirty-two years ago there was one 
single house in Fresno, in the central desert of 
California and its inmates lowered themselves 
into a well 40 ft. deep dug under the house to 
escape the heat in the middle of the day. In the 
whole desert there was not one spot of green. 
To-day this same spot is the center of a commu- 
nity of 8,000 prosperous families. Its grape vines 
produce 12,000,000 gallons of wine and nearly 
100,000,000 Ibs. of raisins; and a large dairy in- 
dustry and diversified fruit farms have come into 
existence. 

Progress in wireless telegraphy is summarized 
by Mr. Eugene P. Lyle in still another ‘“‘World’s 
Work” article. He declares-that already wireless 
telegraphy has become an important factor in 
enabling steamers approaching each other to keep 
clear and avoid the chances of a collision. How- 
ever, the danger of collision with sailing vessels 
or other craft unequipped with wireless tele- 
graph instruments still remains. 

“Railway Rates” are discussed by W. Morton 
Grinnell in the February “North American Re- 
view,” in a paper the aim of which is to show that 
the rates now charged by railways are no more 
than a fair return on the capital invested. 

“Everybody's” for February opens with a de- 
scription of the dressed beef trust, which the 
‘writer, Mr. Chas. Edward Russell, calls “the 
greatest trust in the world.” The paper is par- 
ticularly interesting at this time when the in- 
fluence of preferential railway rates and the own- 
ership of private car lines in fortifying monopolies 
is a subject of such general discussion. 
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Medical Officer of Health, Leith; and Charles Porter, 
M. D., B. Sc., Lecturer on Bacteriology, University 
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+ 756; 81 figures in the text. 10% shillings; postage 
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SOCIALISM.—Containing a Discussion of the Relations of 
Capital and Labor. By Henry Apthorp. Cleve'and, 
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Valve Gears of Steam Engines). By Carl Lefst, 
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